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ABSTRACT
Most a n a l y t i c a l  t e c h n i q u e s  a p p l i c a b l e  to  the  d e t e r m i n a t i o n  of  
a tm o s p h e r i c  p o l l u t a n t s  i n v o lv e  c o l l e c t i o n  and c o n c e n t r a t i o n  o f  the  
a n a l y t e  from l a r g e  volumes o f  samples  w i th  t h e  o f t e n  c o n c u r r e n t  
c o n t a m i n a t i o n  by r e a g e n t s  a n d / o r  a p p a r a t u s .  T h i s  work c o n c e r n s  the  
d e s i g n ,  c o n s t r u c t i o n  and c h a r a c t e r i z a t i o n  o f  two a n a l y t i c a l  i n ­
s t r u m e n t s  which a r e  c a p a b l e  o f  th e  d i r e c t  a n a l y s i s  o f  v o l i t l e  
m e t a l l i c  and o r g a n ic  p o l l u t a n t s  r e s p e c t i v e l y .
The f i r s t  i n s t r u m e n t  u t i l i z e s  a tomic  a b s o r p t i o n  f o r  th e  a n a l y ­
s i s  o f  m e t a l l i c  a tm o s p h e r i c  p o l l u t a n t s .  A f l a m e l e s s  a to m iz e r  was 
c o n s t r u c t e d  o f  g r a p h i t e  ro d s  and h e a t e d  a t  1 2 0 0  d e g re es  c e n t i g r a d e  
w i t h i n  t h e f i e l d  o f  a r a d i o  f r eq u e n cy  i n d u c t i o n  h e a t e r .  The atmo­
s p h e r i c  sample  was passed  over  the  ro d s  and t h e  r e a c t i o n  o f  oxygen 
w i th  t h e  c a r b o n  p roduces  c a rb o n  monoxide.  The co m b in a t io n  o f  the  
the rm a l  a c t i o n  of  the h o t  c a rb o n  and the  r e d u c i n g  a tm osphere  o f  the  
h e a te d  c a r b o n  monoxide c r e a t e s  an  a to m iz e r  o f  g r e a t l y  enhanced 
e f f i c i e n c y  r e l a t i v e  t o  t h e  s t a n d a r d  flame a t o m i z e r .  The i n s t r u m e n t  
u s e s  a h e a t e d  q u a r t z  a b s o r p t i o n  tube  t o  m a i n t a i n  t h e  n e u t r a l  atoms 
in  the  l i g h t  p a t h ,  the  f l a m e l e s s  a to m iz e r  i n  c o n j u n c t i o n  w i t h  the 
q u a r t z  tu b e  r e s u l t s  i n  an  i n c r e a s e d  a b s o r p t i o n  o f  r a d i a t i o n  w i t h  a 
concommitant i n c r e a s e  i n  th e  s e n s i t i v i t y  o f  t h e  i n s t r u m e n t .  The 
demountable  ho l low  c a th o d e  lamp was c o n s t r u c t e d ,  c h a r a c t e r i z e d  and 
used a s  a s o u r c e  o f  r e s o n a n t  r a d i a t i o n .
The i n s t r u m e n t  was u t i l i z e d  f o r  the  d e t e r m i n a t i o n  o f  a tm o s p h e r i c
xx
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cadmium, l e a d  and m ercury .  Each e l e m e n t  was t h e  s u b j e c t  o f  an i n ­
v e s t i g a t i o n  which  in c lu d e d  the  c h o i c e  o f  a n a l y t i c a l  w a v e le n g th ,  con ­
f i r m a t i o n  o f  a to m ic  a b s o r p t i o n ,  and i n v e s t i g a t i o n  o f  the  f o l l o w i n g  
i n s t r u m e n t a l  p a r a m e t e r s :  lamp c u r r e n t ,  a to m iz e r  t e m p e r a t u r e ,  and
sample f low r a t e .  The r e a s o n s  f o r  th e  v a r i a t i o n  o f  i n s t r u m e n t a l  
p a r a m e te r s  w i t h  r e s p e c t  to  the  e l e m e n t  in v o lv e d  i s  d i s c u s s e d .
D ev ice s  f o r  the  s t a n d a r d  i n j e c t i o n  o f  o r g a n ic  vapo r  and i n ­
o r g a n i c  p a r t i c u l a t e  samples  were d e s i g n e d ,  c o n s t r u c t e d ,  c h a r a c t e r i z e d  
and c a l i b r a t e d  f o r  the  v a r i o u s  compounds a n d / o r  e l e m e n t s  f o r  which 
th e y  were  u s e d .
The i n s t r u m e n t  was c a l i b r a t e d  f o r  the  d e t e r m i n a t i o n  o f  t h e  t h r e e  
e l e m e n t s  and d e t e c t i o n  l i m i t s  o f  0 . 1 5 , 1 . 2 , and 0 . 0 2  micrograms per 
c u b ic  m e te r  were  d e te rm in ed  f o r  l e a d ,  mercury  and cadmium, r e - J 
s p e c t i v e l y .  The i n s t r u m e n t  was shown t o  be r e s p o n s i v e  to  e l e m e n t a l ,  
o r g a n i c  and i n o r g a n i c  forms o f  the  m e t a l s  and i n v e s t i g a t i o n  o f  
v a r i o u s  p o t e n t i a l  i n t e r f e r e n c e s  showed l i t t l e  i n f l u e n c e  o f  chem ica l  
s t r u c t u r e  o r  e v id e n c e  o f  m o le c u la r  a b s o r p t i o n .  An i n v e s t i g a t i o n  o f  
t h e  v a r i o u s  s c r u b b i n g  a g e n t s  f o r  removal  o f  cadmium, l e a d  and mercury  
from the  a tm o sp h ere  was a l s o  p re fo rm ed .
The second  i n s t r u m e n t a l  s e t  up was d e s ig n e d  f o r  the  d e t e r m i n a ­
t i o n  o f  o r g a n i c  a tm o s p h e r i c  p o l l u t a n t s .  The a b s o r p t i o n  o f  l a s e r  
r a d i a t i o n  ha s  been  used  f o r  the  d e t e r m i n a t i o n  o f  a tm o s p h e r i c  
o r g a n i c s , b u t  the  t e c h n i q u e  r e q u i r e s  p r e c i s e  p la ce m e n t  of  s o u r c e  
and d e t e c t o r  o r  r e t r o r e f l e c t o r . T h i s  i n s t r u m e n t  used  i n f r a r e d  em is ­
s i o n  s t i m u l a t e d  by ca rb o n  d io x i d e  1 0 .6  m ic ron  l a s e r  f o r  th e  d e t e r ­
m i n a t i o n  o f  gaseous  a c e t o n e .  The i n s t r u m e n t  was assem bled  and
c h a r a c t e r i z e d  w i t h  r e s p e c t  to  l a s i n g  gas p r e s s u r e s , s l i t  w i d t h  and 
a m p l i f i e r  s e n s i t i v i t y  and g a i n  p a r a m e t e r s .
The i n s t r u m e n t  was c a l i b r a t e d  f o r  the  d e t e r m i n a t i o n  o f  a c e to n e  
v apo r  and the  e f f e c t  o f  v a r i o u s  a tm o s p h e r i c  c o - p o l l u t a n t s  was i n ­
v e s t i g a t e d .  The o r i g i n  o f  the  e m i s s i o n  was i n v e s t i g a t e d  and th o u g h t  
to  be a c o m b in a t io n  o f  f l u o r e s c e n c e  and th e rm a l  e m i s s i o n .  The p r e ­
s en ce  o f  f l u o r e s c e n c e  was d e m o n s t r a t e d  by m o d u la t io n  o f  th e  l a s e r  
beam w i t h  a synchronous  chopper  locked  i n t o  the  d e m o d u l a t o r - a m p l i f i e r  
s y s t e m .  The e m is s io n  s p ec t ru m  o f  a c e to n e  was o b t a i n e d  and th e  
i n t e n s i t y  o f  th e  8 .6  and 5 .8  p bands were c a l i b r a t e d  w i t h  r e s p e c t  
to  c o n c e n t r a t i o n .
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INTRODUCTION
Environmenta l  p o l l u t i o n  has b e lab o red  mankind from the  t ime the  
wander ing  nomads f i r s t  moved t h e i r  c am p s i te  because  of  the  s t e n c h  of 
t h e i r  accumula ted  r e f u s e .  P l in y  the  E l d e r  i s  s a id  to  have been 
s u f f o c a t e d  by v o l c a n i c  fumes. Coal — the  r e v o l u t i o n i z e r  - -  made 
p o s s i b l e  the I n d u s t r i a l  R ev o lu t io n  - -  and smog.
The d i s c o v e r y  of  the  energy p o t e n t i a l  of  c o a l  occur red  a b o u t  th 
t ime o f  Marco P o l o ' s  r e t u r n  from the more t e c h n o l o g i c a l l y  advanced 
n a t i o n s  of A s ia .  In  s p i t e  o f  c o a l ' s  abundance and a d v a n ta g e s ,  the  
a d a p t a t i o n  to  i t s  u se  proceeded s low ly  and a g a i n s t  a l l  r e s i s t a n c e  
normal, to  economic r e a d j u s t m e n t s .  C o a l ' s  s u l f u r o u s  combust ion p r o ­
du c ts  l e d  to  s u sp e c te d  a s s o c i a t i o n  w i th  a n t i c l e r i c a l  f o r c e s  d u r i n g  a 
t ime o f  c l e r i c a l  s t r e n g t h .  As a m a t t e r  of re co rd ,  ne ighborhood 
" a c t i o n  commit tees"  p r o t e s t e d  a g a i n s t  i t s  e v i d e n t  p o l l u t i o n  o f  the  
a tm osphere .  In E n g lan d ,  as w e l l  as  on th e  c o n t i n e n t ,  l i m i t a t i o n  and 
p r o h i b i t i o n s  r e l a t i v e  to  the  u s e ,  i m p o r t a t i o n  and t r a n s p o r t  o f  c o a l  
were p ro c la im ed .  However, the  n e c e s s i t y  f o r  domest ic  h e a t  and 
i n d u s t r i a l  pov?er made t h e i r  en fo rcem ent  u n t e n a b l e .
P u b l i c  and o f f i c i a l  h e s i t a n c y  to  pay the p r i c e  i s  a c h a r a c t e r ­
i s t i c  f a c t o r  i n  the  e v o l u t i o n  o f  h e a l t h  p r o t e c t i o n ;  the  p r e s e n c e  of 
t h e  p o l l u t i o n  problem in  the  f a c e  o f  our t e c h n o l o g i c a l  advances  i s  
b u t  one condemnation of  t h i s  a t t i t u d e .  P o s i t i v e  a c t i o n  i s  se ldom 
i n i t i a t e d  u n t i l  d r a m a t i c  d i s a s t e r s  or s en so ry  i n s u l t s  a r o u s e  p u b l i c  
f e a r .  Th is  a t t i t u d e  i s  b e s t  i l l u s t r a t e d  by E n g la n d ' s  a f f l i o t i . c n - -  
smog.
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Around 1280, t h e r e  was a p r o t e s t  by t h e  E n g l i s h  n o b i l i t y  a g a i n s t  
t h e  u se  o f  " s e a  c o a l " .  R ic h a rd  I I I  (1377_1 399)  and Henry V ( lk l3 ~  
1J+22) took s t e p s  to  r e g u l a t e  t h e  use o f  c o a l .  In  1661, John  Evelyn  
w r o t e ,  "Fumifugium; or the  In co n v en ien ce  o f  th e  A i r  and Smoke o f  
London D i s s a p a t c d ;  t o g e t h e r  w i t h  some Remedies  Humbly P r o p o s e d " .  In  
l 8 l 9 , a  s e l e c t  commit tee  of the  B r i t i s h  P a r l i a m e n t  was a p p o i n t e d  to  
s t u d y  and r e p o r t  upon smoke ab a te m e n t ,  as  were  dozens o f  o t h e r  such 
com m it te e s  d u r i n g  the  nex t  133 y e a r s .  The p u b l i c  was f i n a l l y  a roused  
by t h e  d e a th s  o f  *i000 p e r s o n s  w i t h i n  a few days  in  London d u r i n g  
December I 9 5 2 . A s i m i l a r  d i s a s t e r  occu r red  i n  t h e  c o a l  town o f  
D o n o ra , P e n n s y ]v a n ia  in  1 9 ^ 3 ,  in  which 20 d i e d .
With the  e n s u i n g  y e a r s  have  come o t h e r  s o u r c e s  o f  a i r  p o l lu t ion* ,  
h y d ro g e n  s u l f i d e ,  ca rbon  monoxide ,  ozone,  s u l f u r  d i o x i d e ,  and hydro­
c a r b o n s  to  name a few. M e t a l l i c  fumes and a c i d  m i s t s  h a v e ,  o c c a s i o n ­
a l l y ,  r e n d e r e d  whole  r e g i o n s  downwind from i n d u s t r i a l  r e g i o n s  un inhab­
i t a b l e  f o r  l i f e .
Only r e c e n t l y  has  p u b l i c  o p in io n  been  s u f f i c i e n t l y  a r o u s e d  to  
i n s t i g a t e  c o r r e c t i v e  measures  o f  the  a p p r o p r i a t e  m agn i tude .  Some 
c i t i e s ,  such a s  S t .  L o u i s ,  C i n c i n n a t i ,  and P h i l a d e l p h i a  have  reduced  
s u b s t a n t i a l l y  t h e i r  smoky e m i n a t i o n s .
A f t e r  "The G re a t  Smog" i n  London, P a r l i a m e n t  passed  t h e  Clean 
A i r  A c t  empowering l o c a l  a u t h o r i t i . e s  to  d e c l a r e  t h e i r  a r e a s  smokeless  
z o n e s ,  a l l o w i n g  o n ly  sm okeless  f u e l s  to  be u s e d .  Due to  t h i s ,  London 
h a s  n o t  had a bad smog s i n c e  1 9 6 2 , or  a t h i c k  smog s i n c e  I 965 • 
M e t e o r o l o g i s t s  r e p o r t  t h a t  Londoners  a r e  e n j o y i n g  f i f t y  p e r c e n t  more 
w i n t e r  s u n s h in e  t h a n  10 y e a r s  ago (1 ) .
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S i m i l a r l y ,  t h i s  n a t io n  has  taken  many o f  the  l e g a l  and adm in is ­
t r a t i v e  measures r e q u i r e d  t o  c l e a n  up i t s  env i ronm ent .  Many s t a n d a r d s  
h ave  been s e t  f o r  the  maximum amounts of f o r e i g n  s u b s t a n c e s  t h a t  can 
be t o l e r a t e d  i n  t h e  a tmosphere .  Man has f i n a l l y  r e a l i z e d  t h a t  th e  per 
c a p i t a  consumpt ion of a i r  w i l l  n o t  d e c r e a s e ,  as the  needs  o f  i n d u s t r y  
and p o p u la t i o n  i n c r e a s e .
I n c r e a s i n g  a t t e n t i o n  has  become focused  on the  p o l l u t i o n  of  our 
n a t u r a l  e n v i ronm en t .  ENVIRONMENTAL POLLUTION has  become a s u b j e c t  o f  
g e n e r a l  co n ce rn .  Commercial f i l m s  have u t i l i z e d  t h i s  t o p i c a l  s u b j e c t  
and as the f i n a l  c r i t e r i a ,  i t  h a s  now become a s u b j e c t  f o r  p o l i t i c a l  
deba t e .
T e c h n o lo g ic a l  and i n d u s t r i a l  development coupled w i t h  the v a s t  
u r b a n i z a t i o n  o f  t'nc p o p u l a t i o n ,  have been th e  prime c o n t r i b u t o r s  to 
t h i s  p o l l u t i o n .  Combustion p r o d u c t s  of  f u e l  and r e f u s e  and t r a c e  
e l em en t s  from i n d u s t r i a l  p r o c e s s e s  c o n t i n u a l l y  in t r o d u c e  to x ic  mate­
r i a l s  i n to  the  a tm osphere .  An organism c a n n o t  s u r v iv e  i n  i t s  own 
w a s t e s .
Many o r g a n i z a t i o n s  have formed commit tees  on p o l l u t i o n  and i t s  
c o n t r o l ;  major c o r p o r a t i o n s  a r e  i n s t i t u t i n g  new d i v i s i o n s  to  s tudy  
and ab a te  t h e i r  own p o l l u t i o n  i n  consequence  o f  s t r i n g e n t  government 
r e g u l a t i o n s .
The en fo rcem en t  of  a tm o sp h e r i c  s t a n d a r d s  po r tends  u l c e r s  f o r  
A t t o r n e y s - g e n e r a l  and f o r t u n e s  f o r  i n t e r n a t i o n a l  c o u n c i l o r s .  An a i r  
mass r e s p e c t s  no i n t e r n a t i o n a l ,  boundary.
No v a l i d  judgement o f  t h e  p o t e n t i a l  t h r e a t  to  h e a l t h  and 
p r o p e r t y  from a tm ospher i c  p o l l u t i o n  i s  p o s s i b l e  w i t h o u t  a p r e c i s e
k
"knowledge of  t h e  c o n s t i t u e n t s .  G rea t  s t r i d e s  have  been made du r in g  
th e  p a s t  decade  i n  r e c o g n i z i n g  and. co p in g  w i t h  t h i s  e v e r  mounting 
problem. I m p o r tan t  p i o n e e r  work a t  l e a d i n g  u n i v e r s i t i e s  and the  
"United S t a t e s  P u b l i c  H e a l th  S e r v i c e  has  c o n t r i b u t e d  to  t h i s  knowl­
edge.  Vigorous  e f f o r t s  a r e  now d i r e c t e d  toward i d e n t i f y i n g  and 
d eve lop ing  s u i t a b l e  methods f o r  the  s p e c i f i c  d e t e c t i o n  o f  a tm ospher ic  
c o n t a m i n a n t s .
The a n a l y s i s  of the  a tmosphere  p r e s e n t s  many p rob lem s ;  the  most 
g e n e r a l  oner; a r e :  the sm a l l  q u a n t i t i e s  o f  the  p o l l u t a n t s  (micro­
grams per c u b ic  m eter)  and th e  many m o le c u la r  forms i n  which they  
a p p e a r .
High volume s c r u b b e rs  a r e  most commonly used to  c o n c e n t r a t e  th e  
p o l l u t a n t  which  i s  then  de te rm ined  by a s u i t a b l e  a n a l y t i c a l  t e c h ­
n iq u e .  L a rg e  e r r o r s  a r e  in t r o d u c e d  by c o n ta m in a t i o n  a n d /o r  ad so rp ­
t i o n  of the  p o l l u t a n t s  by th e  w a l l s  o f  the  c o n t a i n e r s .  I n e f f i c i e n t  
s c rubb ing  d e v i c e s  may f a i l  to  t r a p  some m o lecu la r  fo rm s ,  and poor 
r e c o v e ry  t e c h n i q u e s  may f a i l  to  remove a l l  o f  the  t r a p p e d  p o l l u t a n t  
from the  s c r u b b e r .  C o n s id e ra b le  a n a l y t i c a l  s k i l l  i s  n e c e s s a r y  f o r  
a c c u r a t e  w ork .  Large  amounts o f  s k i l l e d  l a b o r  a r e  r e q u i r e d  f o r  the  
a n a l y s i s .
Delays  between th e  t im e  of  t r a p p i n g  and th e  t ime o f  a n a l y s i s  
may be as lo n g  as h o u r s ,  d a y s ,  or even weeks.  Even t h e n ,  th e  d a ta  
ob ta ined  a r e  on ly  random samples  o f  the  t o t a l  p o l l u t i o n .  This  
sampl ing d i f f i c u l t y  i s  a d e f i n i t e  h an d icap  in  l o c a t i n g  i n t e r m i t t a n t  
sources  o f  p o l l u t i o n .
E m is s io n  s p e c t r o s c o p y ,  a tomic  a b s o r p t i o n ,  and n e u t r o n  a c t i v a t i o n
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a r e  t l ireo  s e n s i t i v e  t e c h n iq u e s  a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  o f  
e l e m e n ta l  c o n s t i t u e n t s  o f  the  a tm osphere .  A c t i v a t i o n  a n a l y s i s  has  
been  used f o r  s e v e r a l  e l e m e n ta l  p o l l u t a n t s  ( 2 , 5 ) .  Em iss ion  s p e c ­
t ro sc o p y  was a p p l i e d  t o  the  measurement o f  l j  m e ta l s  i n  the  a tmos­
phere  (1|-). Atomic a b s o r p t i o n  has  been used t o  d e t e c t  and measure 
some e lem en ts  in  th e  a tmosphere  ( 5 ,6 ) and i s  p o t e n t i a l l y  a p p l i c a b l e  
f o r  o t h e r s .  The advan tages  o f  a tomic  a b s o r p t i o n  f o r  a tm ospher ic  
a n a l y s i s  w i l l ,  h o p e f u l l y ,  be dem ons t ra ted  in  a p a r t  o f  t h i s  
d i s s e r t a t i o n .
M olecu la r  p o l l u t a n t s  a r e  causes  o f  major  conce rn  to  th e  a tmos­
p h e r i c  s c i e n t i s t .  Hydrocarbon v a p o r s ,  n i t r o g e n  d i o x i d e ,  s u l f u r  
d i o x i d e ,  and ozone a r e  on ly  a few m o le c u la r  c o n s t i t u e n t s  of  t o d a y ' s  
a tmosphere ,  Hydrocarbons have, been a n a ly z e d  by s e l e c t i v e  combus­
t i o n  (7 ) and gas chromatography ( 8 ) .  N i t r o g e n  d io x id e  and i t s  
e f f e c t  on a tm ospher ic  p r o c e s s e s  has  been s t u d i e d  by i n f r a r e d  a b s o r p ­
t i o n  (9 ).
The l a s e r  s t i m u l a t e d  i n f r a r e d  e m is s io n  of v a r i o u s  compounds has  
been  i n v e s t i g a t e d  in  t h i s  l a b o r a t o r y .  Organic  compounds such as 
th o se  t h a t  r e s u l t  from au tom ot ive  em is s io n s  and i n d u s t r i a l  p o l l u t a n t s  
a ro u s e  g r e a t  i n t e r e s t  among a tm o sp h er i c  s c i e n t i s t s .  T h e r e f o r e ,  a 
p o s s i b l e  method f o r  t h e  d e t e r m i n a t i o n  o f  a ce to n e  u s i n g  i n f r a r e d  
f l u o r e s c e n c e  was u n d e r t a k e n .
T h i s  d i s s e r t a t i o n  r e p o r t s  r e s u l t s  from too  e n t i r e l y  d i f f e r e n t  
t e ch n iq u es  f o r  p o l l u t a n t  d e t e c t i o n ;  c o n s e q u e n t ly  i t  i s  d iv id e d  i n t o  
too  main s e c t i o n s  which have  a p p r o p r i a t e  s u b s e c t i o n s .
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Atomic A b so r p t io n
S ince  i t s  i n c e p t i o n  i n  195*1, a tomic  a b s o r p t i o n  has  been a p p l i e d  
w i t h  v a r y in g  d e g re e s  of  s u c c e s s  to  a m a j o r i t y  o f  th e  e l e m e n ts .  The 
a n a l y t i c a l  a p p l i c a t i o n  i s  based on th e  a d s o r p t i o n  of  a p a r t i c u l a r  
w ave leng th  of  e l e c t r o m a g n e t i c  r a d i a t i o n  by e lem en ts  i n  the  a tomic  
s t a t e .  The degree  o f  a b s o r p t i o n  i s  g iv e n  by:
where  Ni = the  number o f  atoms in  ground s t a t e
K = a b s o r p t i o n  c o e f f i c i e n t  a t  f r eq u en cy  V 
ê  = ch a rg e  on an e l e c t r o n  
m = mass of  e l e c t r o n  
£  = speed o f  l i g h t
Jl -  o s c i l l a t o r  s t r e n g t h  o f  a b so r b in g  l i n e
The deg ree  o f  a b s o r p t i o n  f o r  a g iven  e lement  i s  dependent  011 th e  
number of atoms i n  th e  l i g h t  p a t h ,  N i ,  and t h e r e f o r e ,  on th e  concen­
t r a t i o n ,  or pa th  l e n g t h .
The b a s i c  components r e q u i r e d  f o r  a n a l y s i s  by a tomic  a b s o r p t i o n  
a r e  a s o u rce  o f  r a d i a t i o n ,  a means o f  a t o m i z a t i o n ,  and a nionochro- 
m a t o r - d e t e c t i o n  sys tem.  The so u rc e s  no rm a l ly  encoun te red  a re  th e  
ho l low  c a t h o d e ,  by f a r  t h e  most p o p u l a r ,  th e  microwave d i s c h a r g e  
lamp, and th e  P h i l l i p s  o r  Osram-type a r c  d i s c h a r g e  lamp. A l l  o f  
t h e s e  a r e  n e a r l y  monochromatic r a d i a t i o n  s o u r c e s .  S ince  th e  so u rces  
a r e  n e a r l y  monochromatic ,  a h ig h  r e s o l u t i o n  monochromator i s  n o t  
n eed ed .  The s i m p l i c i t y  o f  th e  monochromator i s  one of  t h e  advan tages  
o f  a tom ic  a b s o r p t i o n .  The on ly  a t o m is e r  i n  commercial  use  i s  th e  
flame a t o m i z e r ,  in  which d i f f e r e n t  f u e l  and o x id a n t s  may be u s e d .
B a s i c a l l y  one method o f  i n c r e a s i n g  the  s e n s i t i v i t y  o f  t h i s  
t e c h n i q u e  e x i s t s ;  the  number o f  n e u t r a l  atoms in  t h e . l i g h t  p a th  must
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be i n c r e a s e d .  There a r e  too  ways t h i s  may be acco m p l i sh ed ;  th e  pa th  
l e n g t h  may be i n c r e a s e d  or  t h e  e f f i c i e n c y  o f  t h e  a to m ize r  may be i n ­
c r e a s e d  .
By i n c r e a s i n g  t h e  l e n g th  o f  t h e  l i g h t  p a t h ,  one can o b t a i n  a 
g a in  i n  t h e  a b s o r p t i o n  w i t h o u t  chang ing  th e  c o n c e n t r a t i o n .  In  atomic 
a b s o r p t i o n  th e  pa th  l e n g th  i s  n o t  e a s i l y  v a r i e d .  Unl ike  s o l u t i o n  
s p e c t r o p h o to m e t r y ,  i n  which the  p a th  l e n g th  can  be a c c u r a t e l y  meas­
u r e d ,  t h e  l e n g th  of  t h e  l i g h t  p a th  i n  a tomic  a b s o r p t i o n  c a n n o t  be 
a c c u r a t e l y  measured .  However,  any method of  i n c r e a s i n g  th e  pa th  
l e n g t h  w i l l  r e s u l t  i n  an  in c r e a s e d  a b s o r p t i o n  s i g n a l .
One can use  e i t h e r  m i r r o r s  and pass  th e  beam through t h e  flame 
a number o f  t imes o r  a s l o t  b u r n e r  t h a t  e f f e c t i v e l y  i n c r e a s e s  t h e  
p a th  l e n g t h .  Robinson r e p o r t e d  a s e n s i t i v i t y  o f  .05 ppm f o r  l e a d  when 
the  s l o t  b u rn e r  i s  used  (10) .
S in c e  atoms n o rm a l ly  spend a s h o r t  t ime i n  the  l i g h t  p a t h ,  long 
a b s o r p t i o n  tubes  can  be used to  l e n g th e n  t h e  p a th  and to h o ld  the  
atoms t h e r e  f o r  a l o n g e r  p e r io d  o f  t ime ( 1 1 , 1 2 ) .  R u ss ia n  workers  
have  v e r i f i e d  t h a t  atoms produced i n  a f lame can  p e r s i s t  f o r  a t ime 
and t h a t  usage  o f  t h e s e  long tu b es  can prove p r o f i t a b l e  ( l j ) .  The 
u se  o f  a T-shaped q u a r t z  a b s o r p t i o n  tube  h a s  been  shown t o  y i e l d  a 
t e n  t o  f i f t e e n  f o l d  i n c r e a s e  i n  s e n s i t i v i t y  ( 1 9 ) .  Robinson has  r e ­
p o r t e d  s e n s i t i v i t i e s  o f  0 .0 0 1 3  ppm f o r  l e a d ,  O.OOOll ppm f o r  cadmium 
and 0 . 5  ppm f o r  mercury  when a T-shaped q u a r t z  f lame a d a p t e r  i s  
used  ( 1 0 ) .
Koir tyo l iann  has  shown t h a t  a b s o r p t i o n  can  be i n c r e a s e d  by u t i ­
l i z i n g  q u a r t z  a b s o r p t i o n  tubes  up t o  one m e te r  i n  l e n g t h ;  g r e a t e r
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l e n g t h s  y i e l d  no f u r t h e r  a d v an tag e  (1 5 ) -  M is la n  employed a h e a te d  
q u a r t z  tube  f o r  a n a l y s i s  o f  aqueous sam ples  (1 6 ) .  These  a b s o r p t i o n  
tu b e s  s e r v e  t o  h o l d  t h e  a toms in  t h e  l i g h t  p a th  f o r  a f i n i t e  t ime 
a f t e r  they  h a v e  passed  th ro u g h  th e  f lame  and p ro v id e  a somewhat 
i n c r e a s e d  l i g h t  p a th  i n  w hich  a b s o r p t i o n  w i l l  o c c u r .
The o n ly  co m m e rc ia l ly  a v a i l a b l e  a t o m i z e r s  a r e  b u r n e r s  t h a t  a r e  
e s s e n t i a l l y  i d e n t i c a l  w i t h  th o se  used  i n  f lame  p h o to m e t ry .  The f lam e  
i s  a ve ry  i n e f f i c i e n t  a to m iz e r }  on ly  one i n  I 0 e o f  t h e  atoms which 
p a s s  th rough  t h e  b u rn e r  i s  reduced to  the  n e u t r a l  o x i d a t i o n  s t a t e .  
P r o d u c t i o n  o f  a r e d u c in g  flame enhances  n e u t r a l  atom p r o d u c t i o n ,  b u t  
o t h e r  problems such  as a b s o r p t i o n  by t h e  f lam e  b y - p r o d u c t s  may o c c u r .
Many d e v i c e s  f o r  p ro d u c in g  a more e f f i c i e n t  a t o m i z e r  have been  
p ro p o sed .  Ga tehouse  and VJalsh p roposed  a h o l lo w  c a th o d e  a tom izer  
i n  which an e l e c t r i c  d i s c h a r g e  a t  low p r e s s u r e  s p u t t e r s  atoms i n t o  
t h e  l i g h t  p a th  ( l j ) ,  R ob inson  (8)  s p ra y ed  a l i q u i d  sample  i n t o  an  
e l e c t r i c  a r c  d i s c h a r g e ,  w h ich  was more e a s i l y  a b l e  t o  reduce  the  
r e f r a c t o r y  o x i d e s .
Thermal a t o m i z e r s  h a v e  a l s o  been  i n v e s t i g a t e d ;  f l a s h  f u r n a c e s ,  
r e s i s t a n c e  f u r n a c e s ,  and d i r e c t  c u r r e n t  a r c  f u r n a c e s  f o r  v a p o r i z i n g  
and a to m iz in g  t h e  sample have  been  r e p o r t e d  (1 0 ) .  T .S .  West (1 9 ) 
h a s  o b t a in e d  g r e a t  s e n s i t i v i t y  by f l a s h  h e a t i n g  a sample  ev ap o ra te d  
o n to  a c a r b o n  f i l a m e n t .  None o f  t h e s e  methods i s  d i r e c t l y  a p p l i ­
c a b l e  to  t h e  d i r e c t  a n a l y s i s  o f  m e ta l s  i n  t h e . a t m o s p h e r e ; t h e i r  
s e n s i t i v i t i e s  a r e  n o t  g r e a t  enough.
The i n s t r u m e n t  d e v e lo p ed  d u r i n g  t h e  p r e s e n t  i n v e s t i g a t i o n  u s e s  
a c o m b in a t io n  o f  c a rb o n  monoxide and h o t  c a r b o n  t o  e n a b l e  the  d i r e c t
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d e t e r m i n a t i o n  o f  th e  m e t a l l i c  components o f  the  a tm osphere .
In  the  p r e s e n c e  o f  l i m i t e d  amounts o f  a i r ,  hea ted  c h a r c o a l  p ro­
v i d e s  h o t  c a r b o n  and ca rbon  monoxide,  both s t r o n g  r e d u c in g  a g e n t s .  
T h i s  a tmosphere  shou ld  reduce  and ex tend th e  f r e e  l i f e t i m e  o f  any 
m e t a l l i c  compound p r e s e n t .  A t t e m p e ra tu re s  above 1000 d e g r e e s  c e n t i ­
g r a d e ,  the  e q u i l i b r i u m  e x p r e s s i o n  C02 + C = 2C0 i s  s h i f t e d  e n t i r e l y  
t o  th e  r i g h t  ( 2 0 ) .  O p e ra t in g  th e  a to m iz e r  a t  t h i s  t e m p e r a t u r e  should 
y i e l d  the rm a l  a s  w e l l  as chemica l  r e d u c t i o n  and should p roduce  an 
a to m iz e r  t h a t  o p e r a t e s  w i th  much g r e a t e r  e f f i c i e n c y  than  t h e  flame; 
t h e  e x t e n s i o n  o f  the  f r e e  l i f e  t ime of  th e  atom f a c i l i t a t e s  the  use 
o f  hea ted  long  p a th  a b s o r p t i o n  tu b e s .  These e f f e c t s  should  produce 
an  in s t ru m e n t  w i t h  s e n s i t i v i t y  s u f f i c i e n t  f o r  the  d i r e c t  a n a l y s i s  of 
m e t a l l i c  p o l l u t a n t s  i n  the  a tmosphere .  T h i s  s e n s i t i v i t y  h a s ,  i n  
f a c t ,  been o b s e r v e d .
The A n a l y t i c a l  Method
In  p r a c t i c e ,  a slow moving a i r s t r e a m  c o n t a i n i n g  th e  e lem en t  i s  
pa ssed  over c a r b o n  rods  which have been h e a te d  to  1100 to  1200 
d e g r e e s  c e n t i g r a d e .  Some of  the  carbon  i s  conver ted  to  c a r b o n  
monoxide by th e  oxygen in  the  a tm osphere .  The te m p e ra tu re  (20) and 
t h e  low a i r  f low  r a t e s  minimize the  p r o d u c t i o n  o f  carbon d i o x i d e .  
M e ta l s  a r e  reduced  to  the  f r e e  s t a t e  a t  the  ro d s  and th e n  f low  in to  
t h e  a b s o r p t i o n  t u b e .  The tube  i s  h e a t e d  to  around 1000 d e g r e e s  
c e n t i g r a d e .  The atoms a re  m a in ta in ed  in  t h e  l i g h t  pa th  f o r  extended 
p e r i o d s  o f  t im e ,  and t h e i r  a b s o r p t i o n  o f  r e s o n a n t  r a d i a t i o n  i s  
measured.
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Commercial  Equipment 
The f o l l o w i n g  c o m m e rc i a l ly  a v a i l a b l e  equipment was i n c o r p o r a t e d  
i n t o  t h e  i n s t r u m e n t .
Monochroma t o r  - -  A o n e - h a l f  m e te r  J a r r e l - A s h  82-500 s e r i e s  E b e r t  
g r a t i n g  monochromator  was mounted on a two m e te r  t r i a n g u l a r  o p t i c a l  
r a i l .  The monochromator had e n t r a n c e  s l i t s  one hundred  microns  i n  
w i d t h ,  a r e s o l u t i o n  o f  1 . 7 $  a ^d an e i g h t  speed w a v e le n g th  d r i v e .
D e t e c t o r  - -  A 1P28 R.C.A.  p h o t o m u l t i p l i e r  was p l a c e d  i n  a 
J a r r e l - A s h  mount and a t t a c h e d  to  t h e  monochromator.
A m p l i f i e r  - -  A J a r r e l - A s l i  82-500 s e r i e s  a m p l i f i e r  was s l i g h t l y  
m o d i f ied  f o r  u se  i n  t h e  i n s t r u m e n t .  The c o n t in u o u s  2 7 0 -d e g re e  h ig h  
v o l t a g e  c o n t r o l  was r e p l a c e d  w i th  a d o u b le  ganged 10 p o s i t i o n  sw i tch  
w i t h  tw en ty  p r e c i s i o n  d ro p p in g  r e s i s t o r s .  T h i s  exchange  has  made 
p o s s i b l e  t h e  a c c u r a t e  r e p ro d u c L io n  o f  t h e  p o t e n t i a l  a p p l i e d  to  the  
p h o t o m u l t i p l i e r .  The a m p l i f i e r  g a in  c o n t r o l  was r e p l a c e d  by a c o a r s e  
c o n t r o l  t h a t  c o n s i s t e d  o f  a t e n  p o s i t i o n  s w i tch  w i th  p r e c i s i o n  r e ­
s i s t o r s  and a f i n e  c o n t r o l  which  was t e n  t u r n  p o t e n t i o m e t e r  w i th  a 
v e r n i e r  d i a l .
S ou rce  Power S u p p l i e s  - -  The power su p p ly  f o r  t h e  h o l lo w  c a th o d e  
was a J a r r e l - A s h  82-500 u n i t  which was c a p a b l e  o f  d e l i v e r i n g  z e ro  t o  
f i f t y  m i l l i a m p e r e s  o f  f i l t e r e d  o r  p u l s e d  d i r e c t  c u r r e n t .  The m ercury  
s o u rc e  power s u p p ly  was an a . c .  t r a n s f o r m e r  t h a t  d e l i v e r e d  2^0 v o l t s .  
A P e r k i n  Elmer  Osram -type  power s u p p ly  t h a t  co u ld  p r o v i d e  500 to  
1100 m i l l i a m p s  was a l s o  u s e d .
R e c o rd e r  -•• The o u t p u t  o f  the  a m p l i f i e r  was fed  i n t o  a Beckman 
10005 t e n  in c h  s t r i p  c h a r t  r e c o r d e r .  T h i s  r e c o r d e r  had  m u l t i - r a n g e
11
i n p u t s  and cou ld  be o p e r a t e d  i n  e i t h e r  a l i n e a r  or  l o g a r i t h m i c  mode.
R ad io  F requency  G e n e r a to r  - -  A L ep e l  5000 w a t t  h ig h  frequency- 
h e a t i n g  u n i t ,  model T - 5 - 3 - m c - j - b , was used  f o r  h e a t i n g  t h e  c a rb o n  
ro d s  o f  t h e  a t o m i z e r .
M i s c e l l a n e o u s  - -  A Welch S c i e n t i f i c  Company t e n  l i t e r s  p e r  
m inu te  vacuum pump was used to  e v a c u a t e  t h e  demountable  ho l low  
c a t h o d e .  A S e a r s  and Roebuck f i v e  c u b ic  f e e t  pe r  hour  d iaphragm 
com presso r  g a th e r e d  a i r  sam ples .
Matheson double  s t a g e  gas r e g u l a t o r s  were  u sed  on commerc ial  
c y l i n d e r s  o f  a i r  and a r g o n .  Gas f low  was m o n i to r ed  by s p i n n i n g  f l o a t  
r o t a m e t e r s  from F i s h e r  and P o r t e r  Company.
G en era l  E l e c t r i c  q u a r t z  t u b i n g  and O r i e l  O p t i c a l  Company q u a r t z  
l e n s e s  were  u s e d .  O p t i c a l  mounts f o r  a t t a c h i n g  v a r i o u s  p i e c e s  o f  
t h e  a p p a r a t u s  t o  th e  o p t i c a l  r a i l  were  f a b r i c a t e d  i n  a machine shop.
C o n s t r u c t i o n  o f  t h e  I n s t r u m e n t
A b l o c k  d iag ram  o f  the  i n s t r u m e n t  i s  shown i n  F ig u r e  1 .  The 
a i r  s u p p ly  f o r  c a l i b r a t i o n  p u rp o se s  was ta k e n  from compressed a i r  
t an k s  and fed  i n t o  a m an i fo ld  sy s te m .
The monochromator  was removed from the  f i x e d  "U" beam o p t i c a l  
bench and mounted on a to o  m e te r  o p t i c a l  r a i l .  The m ount ing  assem bly  
f o r  t h e  monochromator and a s s o c i a t e d  l e n s e s  and l i g h t  s o u r c e s  was 
f a b r i c a t e d  from one in c h  aluminum s t o c k .
The m an i fo ld  s y s t e m ,  shown i n  F i g u r e  2 ,  was c o n s t r u c t e d  from 
P yrex  t u b i n g ,  2 mm. s t r a i g h t  b o r e  s t o p c o c k s ,  1 8 / 7  & b a l l  j o i n t s ,  
t e f l o n  and s p i n n i n g  f l o a t  r o t a m e t e r s .  Th is  d e s i g n  e n ab le d  s c r u b b e r s ,  
r o t a m e t e r s ,  and d i f f u s i o n  a p p a r a t u s  t o  be e a s i l y  i n s t a l l e d  o r
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C o n s t r u c t i o n  and m a in tenance  m a t e r i a l s  t h a t  would n o t  ab so rb  o r  
ad so rb  th e  a n a l y t e  were ch o se n .  Some s to p c o c k  l u b r i c a n t s  and c e r ­
t a i n  types  of  r u b b e r  t u b in g  can  r e t a i n  vaporous  m e t a l l i c  samples .
The a to m iz e r  c o n s i s t e d  o f  e i g h t  5" x -5 " carbon ro d s  t h a t  were 
h e a te d  i n  the  i n d u c t i o n  c o i l  o f  the r a d i o  f r equency  g e n e r a t o r .  The 
5^" lo n g  c o i l  was c o n s t r u c t e d  o f  J t u rn s  o f  3 /1 6" O.D. copper  t u b in g .  
Wate r was c o n t i n u a l l y  passed  through th e  c o p p e r  c o i l  i n  o rd e r  to  
h o ld  i t s  s u r f a c e  t e m p e ra t u re  below the  m e l t i n g  p o i n t  o f  copper .
In d u c t io n  fu r n a c e s  r e a c h  maximum t e m p e ra t u re  q u i c k l y .  The bu lk  
o f  t h e  thermal  energy  i s  abso rbed  by h e a t i n g  the  r o d s ,  n o t  the  w a l l s  
o f  th e  f u r n a c e .
O p t i c a l  Arrangement
A view of  the  o p t i c a l  sys tem i s  shown i n  F ig u r e  3 .  The v a r io u s  
lamps were  mounted i n  a t h r e e  f i n g e r  clamp a t t a c h e d  t o  th e  o p t i c a l  
r a i l  i n  a l ig n m en t  w i th  a 100 mm. p lano -convex  l e n s  t h a t  c o l l i m a t e d  
th e  p s e u d o - p o in t  so u rc e  t o  a c y l i n d e r  o f  l i g h t .  The beam was passed 
th rough  the  a b s o r p t i o n  tube  and then was focused  on t h e  e n t r a n c e  
s l i t s  o f  the  monochromator by a second 100 mm. p lan o -co n v ex  l e n s .
The d i s t a n c e  between the  two l e n s e s  was 1 . 1  m e te r s .
True  p o i n t - t o - p a r a l l e l  fo c u s in g  was n o t  o b ta in ed  w i th  the  s i n g l e  
l e n s  sys tem .  N e v e r t h e l e s s ,  t h i s  type o f  sy s tem  u t i l i z e s  t h e  e n t i r e  
c r o s s - s e c t i o n a l  a r e a  o f  the  a b s o r p t i o n  t u b e .  A m u l t i - p a s s  a r r a n g e ­
ment w i t h  byconvex l e n s e s  would no t  t a k e  advan tage  o f  t h e  t o t a l  
a b s o r p t i o n  volume and was p rec lu d ed  by g e o m e t r i c  f a c t o r s .  The o p t i ­
c a l  a r rangem ent  n o rm a l ly  used  i n  atomic a b s o r p t i o n  has  a sym m etr ica l













































biconvex l e n s  s e t  e q u i d i s t a n t l y  between th e  s o u rc e  and t h e  flame 
a t o m i s e r .  I n  t h i s  a r rangem ent  the  r a d i a t i o n  e m i t t e d  by t h e  source  
i s  focused  to  a p o i n t  j u s t  above th e  a tom ize r*  and i s  t h e n  focused 
on the  s l i t s  o f  the  monochromator by an i d e n t i c a l  b iconvex  l e n s .
This  type o f  a r rangem en t  would r e q u i r e  a 500 m i l l i m e t e r  s o u r c e - t o -  
l ens  d i s t a n c e  and an o p t i c a l  p a th  of a p p ro x im a te ly  2 m e t e r s .  An i n ­
t o l e r a b l e  l o s s  o f  the  a l r e a d y  weak s i g n a l  f a l l i n g  on t h e  s l i t s  of the 
monochromator would o c c u r .  A l t e r n a t i v e l y *  an  unsym m etr ica l  b iconvex 
lens  sys tem could  be used to  g iv e  p o i n t - t o - p o i n t  f o c u s i n g .  However, 
t h i s  a r rangem ent  would r e q u i r e  an u n n e c e s s a r i l y  ex p en s iv e  custom 
made l e n s ,  and would n o t  use th e  t o t a l  c r o s s - s e c t i o n a l  a r e a  o f  the  
a b s o r p t i o n  tu b e .  For  t h e se  r e a s o n s ,  a p o i n t - t o - p a r a l l e l  f o c u s in g  
system was chosen .
I n  o r d e r  t o  a l i g n  the  system a v i s i b l e  s o u rce  was s u b s t i t u t e d  
f o r  the  p h o t o m u l t i p l i e r ,  and the  image of  t h e  e n t r a n c e  s l i t s  was 
focused  on th e  ca thode  so u rc e  w i th  the  two l e n s e s .  The p h o to m u l t i ­
p l i e r  was then  a f f i x e d  and f i n a l  a l ignm en t  was accom plished  by 
maximizing the  s i g n a l  o b t a in e d  from the s o u r c e .
C o n s t r u c t i o n  o f  th e  A b so r p t io n  Tube
The long  p a th  a b s o r p t i o n  a p p a r a tu s  ( F i g .  k )  was c o n s t r u c t e d  
from 25 mm. I .D .  q u a r t z  t u b in g  i n  the  shape  o f  a nT".  The top p ie c e  
was t h i r t y - s i x  in ch es  lo n g ,  the  c e n t r a l  t w e n t y - f o u r  i n c h  s e c t i o n  was 
wrapped l o o s e l y  w i th  a s b e s t o s  s t r i n g  and su r rounded  by f o u r  Hevi 
Duty h ig h  t e m p e ra t u re  f u r n a c e s  t h a t  were  c a p a b l e  of a t t a i n i n g  
t h i r t e e n  hundred d e g re es  c e n t i g r a d e .  The f u r n a c e s  were  c o n t r o l l e d  
by fo u r  P o w e r s t a t  t r a n s f o r m e r s .
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Im m ed ia te ly  a d j a c e n t  to  t h e  f u r n a c e s  were  10 mm. e x h a u s t  p o r t s .  
T e f l o n  l e n s  c a r r i e r s  p o s i t i o n e d  s u p r a s i l  q u a r t z  f l a t s  on th e  ends  of  
t h e  a p p a r a t u s .
The 25 mm. I .D .  q u a r t z  nT” s tem was seven  in c h e s  lo n g .  The s tem 
p o r t i o n  o f  th e  a t o m i z e r  was p o s i t i o n e d  i n s i d e  t h e  r a d i o  f r e q u e n c y  
c o i l .
I n  o r d e r  t o  i n s e r t  t h e  c a rb o n  r o d s  e a s i l y ,  a s even  inch  2h mm. 
O.D. q u a r t s  tu b e  was f i t t e d  w i t h  a male b a l l  j o i n t .  E i g h t  x 5" 
carboiT rods  were  i n s e r t e d  i n t o  the  tube  which was s l i p p e d  i n t o  t h e  
"T" s tem t o  f u e l  t h e  a t o m i z e r .
Solid Injector
A r e s i s t a n c e  h e a t e r  was c o n s t r u c t e d  f o r  th e  I n j e c t i o n  o f  s o l i d  
samples  (F ig .  5 )* A fem ale  b a l l j o i n t  was a t t a c h e d  t o  an e i g h t  i n c h  
l e n g t h  of  25 mm. O.D. q u a r t z  t u b i n g .  Along th e  c e n t r a l  s i x  i n c h e s ,  
a l t e r n a t i n g  t u r n s  o f  tw en ty - tw o  guage Nichrome r e s i s t a n c e  w i r e  and 
a s b e s t o s  s t r i n g  w ere  w rapped .  The Nichrome had a t o t a l  r e s i s t a n c e  
o f  t e n  ohms. S e v e r a l  l a y e r s  o f  a s b e s t o s  t a p e  were  added f o r  i n ­
s u l a t i o n ,  and a T e f l o n  p lu g  was f i t t e d  t o ' t h e  end o p p o s i t e  t h e  b a l l  
j o i n t .  The b a l l  j o i n t  f i t t e d  t h a t  o f  t h e  q u a r t z  tu b e  m ent ioned  
ab o v e ,  and t h e  T e f l o n  p lu g  was bored  t o  a c c e p t  t h e  t u b i n g  from th e  
f low  sys tem  m a n i f o l d .  The l e a d s  o f  th e  r e s i s t a n c e  h e a t e r  were  
a t t a c h e d  to  an  e i g h t  ampere Powers t a t  t r a n s f o r m e r .  The h ig h  t e m p e ra ­
t u r e  o f  the  a t o m i z e r  would a f f e c t  the  t e m p e r a t u r e  w i t h i n  t h e  i n ­
j e c t i o n  f u r n a c e .  T h e r e f o r e ,  t h e  t e m p e r a t u r e  t h a t  was a t t a i n e d  a t  
a  p a r t i c u l a r  s e t t i n g  o f  t h e  p o w e r s t a t  was measured when t h e  a t o m i z e r  















from the  i n s t r u m e n t  (F ig .  6 ,  T ab le  1 ) .  When the  i n j e c t o r  was n o t  
i n  u s e ,  i t  was l e f t  i n  the  a i r s t r e a m  w i th  the  power o f f .
An e x h a u s t  sys tem  was n e c e s s a r y  t o  remove th e  e f f l u e n t  o f  th e
a p p a r a tu s  which c o n ta in e d  carbon  monoxide,  e l e m e n ta l  m e ta l s  and 
o t h e r  p o i s o n s .  The e x h au s t  p o r t s  were a t t a c h e d  th rough  ru bbe r  
t u b in g  to  an a i r  pump and ven ted  i n t o  the  l a b o r a t o r y  hood sys tem.
D i s c u s s i o n  of  the  L iq u id  D i f f u s i o n  I n j e c t o r  
A l t s h u l l e r  and Cohen (21) have  d i s c u s s e d  th e  a p p l i c a t i o n  o f  
d i f f u s i o n  c e l l s  f o r  t h e  p r o d u c t i o n  o f  known c o n c e n t r a t i o n s  o f  gaseous  
sam ples .  The method i s  based upon the  d i f f u s i o n  o f  vapo rs  i n t o  a 
gas s t r eam  from a tube  o f  known l e n g th  and c r o s s  s e c t i o n .
In  the  d i f f u s i o n  p ro c e s s  m olecu les  e v a p o r a te  from a l i q u i d  
r e s e r v o i r  i n t o  a d i l u e n t  gas s t r e a m .  The d r i v i n g  f o r c e  i s  the  con­
c e n t r a t i o n  g r a d i e n t  o f  the  vapor  up the  t u b e .  The r e s e r v o i r  s e r v e s
a s  a m a t e r i a l  s o u r c e .  The r a t e  o f  p r o d u c t io n  i s  governed by th e
t e m p e ra t u re  a t  which the  r e s e r v o i r  i s  m a in t a in e d .
d i f f u s i o n  tube  
D = m o le c u la r  d i f f u s i o n  c o e f f i c i e n t  o f  th e  vapor  
M = m o le c u la r  w e ig h t  o f  t h e  vapor 
3? = t o t a l  p r e s s u r e  i n  d i f f u s i o n  c e l l  
A = c r o s s - s e c t i o n  a r e a  o f  the  d i f f u s i o n  tube 
p = p a r t i a l  p r e s s u r e  a t  t e m p e ra t u re  T, o f  the  
vapor 
R = gas c o n s t a n t  
T = t e m p e ra tu re
L = l e n g t h  of  d i f f u s i o n a l  pa th
The d i f f u s i o n  c e l l s  (F ig .  7)  were c o n s t r u c t e d  from Pyrex t u b i n g .
r 2 . 3 0 5  DMPA 
RTL
where: r  = r a t e  of  d i f f u s i o n  o f  vapor  from the
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TABLE 1 . Tempera ture  v e r su s  power c a l i b r a t i o n  f o r  t h e  s o l i d
i n j e c t i o n  h e a t e r  w i th  and w i t h o u t  the c a r b o n  fu rnace  
ta k en  w i th  a Chromel-Alumel thermocouple .
On Absorp 
Powers t a t
t i o n  Tube 
mV °c
Off  A b so r p t io n  Tube 
Powers t a t  mV °c
0 2 .45 60
10 4 .6 0 112 10 3 .0 1 75
20 9-30 229 20
H03 200
30 16.65 592 30 1 4 .6 0 357
40 23.05 556 4o . 2 1 .4 0 528
50 29 .72 714 50 2 8 .4 0 682
60 35 .62 857 60 3 4 .2 1 828
70 39.34 950 70 33.77 9IO
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The d i l u t i o n  chambers  were l|jO mm. long and 60 mm. in  d i a m e t e r ,  w i th  
e i g h t  mm. i n l e t  and o u t l e t  t u b e s .  They had c o a r s e  g l a s s  f r i t s  s e a l e d  
j u s t  i n s i d e  th e  chamber to  i n s u r e  mixing of  t h e  d i l u e n t  g a s .  The 
i n l e t  and o u t l e t  tubes  make r i g h t  a n g le  bends j u s t  o u t s i d e  t h e  cham­
b e r  and t e r m i n a t e  in  5 1 2 /6  male b a l l  j o i n t s  t h a t  a t t a c h  to  th e  mani­
f o ld  i n l e t  sy s te m s .
The d i f f u s i o n  tubes  were  twenty c e n t i m e t e r s  long  and v a r i e d  
from a p p r o x im a te ly  1 mm. t o  10 mm. in  d i a m e te r ;  th e  a c t u a l  d i a m e te r s  
were d e te rm ined  by c a l i b r a t i o n  w i th  mercury and a r e  g iven  i n  T ab le  
13 .  The tu b e s  p r o j e c t e d  ap p ro x im a te ly  30 mm, i n t o  the  d i l u t i o n  
chamber,
S e v e r a l  f a c t o r s  i n f l u e n c e  the  c a l i b r a t i o n  o f  the  d i f f u s i o n  
chamber.
The s t e a d y  s t a t e  in  d i f f u s i o n  c e l l s  i s  n o t  ach ieved  i n s t a n ­
t a n e o u s ly .  However,  i n  t h i s  work th e  tubes  were  s to r e d  w i t h  t h e  
l i q u i d  in  p l a c e ,  and as a consequence the  system was n e a r  t h e  s t e a d y  
s t a t e  a t  th e  b e g in n in g  o f  each o p e r a t i o n .  A l t s h u l l e r  s u g g e s t s  t h a t  
b e fo re  s h o r t  te rm use  th e  c e l l s  should  be o p e r a t e d  a t  l e a s t  f i f t e e n  
m i n u t e s ,
A c o n s t a n t  t e m p e ra tu re  must be m a in ta in ed  i n  the  r e s e r v o i r  in  
o r d e r  to  i n s u r e  c o n s t a n t  i n j e c t i o n .  In  p r a c t i c e ,  the  r e s e r v o i r  
t e m p e ra tu re  was c o n t r o l l e d  a t  35-0 + 0 . 1  d e g re es  c e n t i g r a d e  by means 
o f  a w a te r  t h e r m o s t a t .
Al though th e  d i f f u s i o n  c o e f f i c i e n t  a t  a f i x e d  t e m p e ra t u re  w i l l  
depend on th e  m o le c u la r  w e ig h t  o f  the  c a r r i e r  g a s ,  e x p e r im e n t a l  
d a ta  (2 1 ) i n d i c a t e  t h a t  t h e r e  i s  no a p p r e c i a b l e  v a r i a n c e  when a i r ,
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n i t r o g e n ,  o r  oxygen i s  used  as  a c a r r i e r  gas .
The s m a l l e r  d i f f u s i o n  tu b e s  a r e  e x t r e m e l y  d i f f i c u l t  t o  u s e .  The 
d i f f i c u l t y  i s  n o t  th e  d i f f u s i o n  method b u t  the  c a l i b r a t i o n  o f  t h e  
a p p a r a t u s .  The d i r e c t  w e ig h t  l o s s  method o f  c a l i b r a t i o n  n o r m a l ly  
r e q u i r e s  c a l i b r a t i o n  p e r i o d s  t h a t  a r e  i n c o n v e n i e n t l y  lo n g  t o  o b t a i n  
w e i g h t  l o s s e s  l a r g e  enough t o  p e r  m i t  a c c u r a t e  d e t e r m i n a t i o n s  o f  the  
r a t e s .
I f  one h o l d s  t e m p e r a t u r e  and f low r a t e  c o n s t a n t ,  t h e  d i f f u s i o n  
r a t e s  o f  two tubes  o f  t h e  same l e n g t h  w i l l  be i n  t h e  same r a t i o  as  
t h e i r  r e s p e c t i v e  c r o s s  s e c t i o n a l  a r e a s .  The d i f f u s i o n  r a t e  o f  th e  
l a r g e r  tube  can  be d e te rm in e d  a c c u r a t e l y  and the  d i f f u s i o n  r a t e  i n  
t h e  s m a l l e r  tube  can be o b t a i n e d  s im p ly  and d i r e c t l y .  A l s o ,  b ecau se  
the  d i f f u s i o n  c o e f f i c i e n t  i s  o n ly  s l i g h t l y  d e p en d en t  on p a th  l e n g t h ,  
t h e r e  i s  a l i m i t e d  ra n g e  o f  d i f f u s i o n  l e n g t h s  s a t i s f a c t o r y  f o r  o p e r a ­
t i o n  of  th e  s m a l l e r  t u b e .
T h i s  method o f  c a l i b r a t i o n  has  been  used by t h e  P u b l i c  H e a l t h  
S e r v i c e  f o r  e v a l u a t i n g  th e  c o l l e c t i o n  e f f i c i e n c y  o f  b u b b l e r s  and 
im p in g e rs  f o r  hexane and f o r  t h e  i n t e r f e r e n c e  o f  benzene  i n  t h e  
a n a l y t i c a l  d e t e r m i n a t i o n  o f  o l e f i n s  in  s u l f u r i c  a c i d  ( 2 1 ) .  Gorden 
c t .  a l  (2 2 ) have  used d i f f u s i o n  c e l l s  f o r  th e  c a l i b r a t i o n  o f  con ­
t i n u o u s  m o n i t o r i n g  c o l o r i m e t e r s .  D i f f u s i o n  c e l l s  have  a l s o  been  used 
f o r  the  a p p r o x im a t io n  o f  o d o r a n t s  i n  v e r y  low c o n c e n t r a t i o n s  ( 2 5 ).  
S i m p l i c i t y ,  r e p r o d u c i b i l i t y ,  and f l e x i b i l i t y  a r e  a d v a n ta g e s  o f  t h e  
u se  o f  d i f f u s i o n  c e l l s .
C o n s t r u c t i o n  o f  the  Hollow Cathode Lamp
The com m erc ia l ly  a v a i l a b l e  ho l low  c a th o d e  lamp h a s  s e v e r e l y
2 6
l i m i t e d  i n t e n s i t i e s  and u s e f u l  l i f e t i m e s .  The lamps have  s e a l e d  
chambers  f i l l e d  w i t h  a r g o n ,  n eo n ,  o r  a n o t h e r  gas  a t  th e  s u b -a tm o ­
s p h e r i c  p r e s s u r e  f o r  n e c e s s a r y  e f f i c i e n t  lamp o p e r a t i o n .  The lamps 
may d e v e lo p  l e a k s  t h a t  a l lo w  th e  a tm osphere  to  d i f f u s e  i n t o  the  
chamber .  T h i s  l e a k  r e s u l t s  i n  an i n c r e a s e  in  i n t e r n a l  p r e s s u r e ,  a 
d e c r e a s e  i n  t h e  mean f r e e  p a th  o f  t h e  s t i m u l a t i v e  i o n s ,  a d e c r e a s e  
i n  i n t e n s i t y  and a change i n  th e  s p ec t ru m  o f  t h e  lamp b e ca u s e  o f  th e  
p r e s e n c e  o f  t h e  f o r e i g n  g a s e s .  The c a r r i e r  gas  can be t r a p p e d  by 
m e ta l  s p u t t e r e d  from t h e  c a t h o d e .  T h i s  e n t r a p m e n t  d e c r e a s e s  t h e  
i n t e r n a l  p r e s s u r e  below the  optimum v a lu e  f o r  d i s c h a r g e  a n d ,  h e n c e ,  
a d e c r e a s e  i n  i n t e n s i t y  o c c u r s .  The i n t e n s i t y  can  be i n c r e a s e d  by 
u s i n g  h i g h e r  c u r r e n t s ,  b u t  h i g h e r  c u r r e n t s  c a u s e  o t h e r  p ro b lem s .  
S u f f i c i e n t l y  h ig h  c u r r e n t s  p roduce  a c loud  o f  m e ta l  i n  f r o n t  o f  t h e  
c a t h o d e .  T h i s  c lo u d  may a b so r b  a t  t h e  r e s o n a n t  w a v e le n g th  o f  t h e  
e l e m e n t ,  and c au se  a d e c r e a s e  i n  t h e  r e s o n a n t  o u t p u t  o f  t h e  lamp.
High c u r r e n t  l e v e l s  a l s o  g e n e r a t e  c o n s i d e r a b l e  amounts o f  h e a t ,  which  
c an  m e l t  m a t e r i a l s  w i t h  low m e l t i n g  p o i n t s ,  i . e .  l e a d .  The h e a t  
d e s t r o y s  t h e  r a t h e r  e x p e n s iv e  lamp.
A dem oun tab le  lamp s i m i l a r  t o  t h e  type  p r e v i o u s l y  r e p o r t e d  by 
t h i s  l a b o r a t o r y  ( 2 !̂-) h a s  fewer  l i m i t a t i o n s ,
The e n v e lo p e  o f  t h e  dem oun tab le  lamp was c o n s t r u c t e d  from 60 mm. 
O.D. p y re x  t u b i n g  h a v i n g  a 2 mm, w a l l  t h i c k n e s s  (F ig .  8 ) .  The e n v e ­
lo p e  was 260 mm. i n  l e n g t h ;  one end was ground f l a t  t o  a c c e p t  a 60 mm. 
S u p r a s i l  q u a r t z  window. T h i s  window was a t t a c h e d  w i t h  High T o r r  low 
v a p o r  p r e s s u r e  epoxy from V a r i a n ,  I n c .  The j o i n t  was t h e n  f u r t h e r  
s e a l e d  w i t h  S e a l i t .
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FIGURE 8.  THE DEMOUNTABLE HOLLOW CATHODE LAMP
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At th e  o p p o s i t e  end o f  the  c y l i n d e r ,  a § 2 $ /b 2  s t an d a rd  t a p e r  
female  j o i n t  was o r i e n t e d  a long  th e  c y l i n d r i c a l  a x i s  to a c c e p t  the  
c a th o d e  assembly .  P e r p e n d i c u l a r  to  th e  c e n t e r  a x i s  and 180 d e g re es  
a p a r t ,  too  § lU /35 fem ale  j o i n t s  were mounted 230 mm. from th e  f r o n t  
window to  a c c e p t  the  gas and vacuum l i n e s .  M u tu a l ly  p e r p e n d i c u l a r  
t o  a l l  t h e  above, a 5 1 2 /6  female b a l l  j o i n t  was mounted h-0 mm. from 
th e  f r o n t  window to  a c c e p t  the  anode.
A l l  male j o i n t s  were  equipped w i t h  0 - r i n g s ,  even though normal 
j o i n t s  would have l e a k e d  l e s s .  The leakage  was minimal and much l e s s  
than  t h e  f low  o f  the  f i l l e r  gas th rough  the  demountable  lamp. The 
0 - r i n g e d  j o i n t s  were f a r  more e a s i l y  d i s a s sem b led  than  c o n v e n t i o n a l  
j o i n t s ,  e a s e  of  assembly  i s  a n e c e s s i t y  in  a demountable lamp.
The ca th o d e  c a r r i e r  was c o n s t r u c t e d  from a s t a i n l e s s  s t e e l  $ 
1 2 /6  male 0 - r i n g  j o i n t  and a 1 /8  inch  s t e e l  s h a f t  covered w i th  
T e f lo n .  The ca thode  s h i e l d  was made from 16 mm. Pyrex tu b i n g  and 
T e f lo n .
The ca th o d e  was a s t a i n l e s s  s t e e l  cup f i l l e d  w i th  mol ten  le ad  
which was faced  o f f  i n  a l a t h e  ( F ig .  9 ) -  A h o l e  was then d r i l l e d  in  
t h e  p l u g .  Various  d i a m e te r s  were t r i e d  and t h e  l a r g e s t  s i g n a l  r e ­
s u l t e d  \v?hen a c a th o d e  w i t h  a i / 1 6 11 c e n t e r  was u s e d .
The com b in a t io n  o f  the  T e f lo n  f r o n t  s h i e l d  and a narrow c e n t e r  
y i e l d e d  e x c e l l e n t  i n t e n s i t y  a t  an a c c e p t a b l e  c u r r e n t .
T h i s  type  o f  lamp minimizes  many of  th e  l i m i t a t i o n s  o f  t h e  
s e a le d  lamp.  Leakage i s  no problem w i th  c o n s t a n t  pumping, a demand 
flow o f  f i l l e r  gas e l i m i n a t e s  t h e  s p u t t e r i n g  p rob lem ,  and t h e  con­
s t a n t  f low o f  f i l l e r  gas p e rm i t s  t h e  use o f  h i g h e r  c u r r e n t  w i t h o u t
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s e l f - a b s o r p t i o n .
The c o n s t r u c t i o n  o f  th e  lamp f a c i l i t a t e s  the  r e p la c e m e n t  o f  the  
ca thode  a n d / o r  a change i n  t h e  f i l l e r  g a s .
l e a d
I n t r o d u c t i o n
From t h e  broad p o i n t  o f  v iew, e v e r y  m e ta l  o r  m e t a l l i c  compound 
p r e s e n t s  some type  o f  h a z a r d ,  From the  more r e a l i s t i c  p o i n t ,  the  
more i m p o r t a n t  m e t a l l i c  i n d u s t r i a l  h a z a r d s  a r e  l e a d ,  m e rc u ry ,  
cadmium, a r s e n i c ,  b e r y l l i u m ,  chromium, an timony and t h e i r  compounds. 
I n  g e n e r a l ,  t h e s e  m e ta l s  a r e  much more h a z a rd o u s  i n  t h e i r  compounds 
than  i n  t h e  e l e m e n ta l  s t a t e ,  and th e  more s o l u b l e  th e  compound, the  
more p o iso n o u s  i t  i s  l i k e l y  to  be .  For example,  m iners  o f  c a r b o n a t e  
o r  ox ide  l e a d  o re s  a r e  o f t e n  s u f f e r e r s  o f  l e ad  p o i s o n i n g  (Plumbism) 
whereas  plumbism r a r e l y  o c cu r s  among men m in ing  l e a d  s u l f i d e  (2 5 ) .
I n h a l a t i o n  o f  l e a d  i s  t e n  t im es  more l i k e l y  to  p ro d u ce  p o i s o n i n g  
than  i s  i n g e s t i o n .  The l e s s e r  d an g e r  o f  i n g e s t i o n  can  p r o b a b ly  be r e  
l a t e d  t o  th e  l i v e r ' s  a b i l i t y  to  remove p o t e n t i a l  p o i s o n s  from the  
b lood s t r e a m  b e f o r e  harm can  be done.  I n h a l a t i o n  may i n t r o d u c e  l e a d  
d i r e c t l y  i n t o  Che b lood  s t r e a m  v ia  th e  l u n g s .
Plumbism was known in  B i b l i c a l  t i m e s ;  H i p p o c r a t e s  d e s c r i b e d  th e  
i l l n e s s  i n  l a b o r e r s  i n  th e  s m e l t i n g  p i t s .  M edieva l  a l c h e m i s t s  were  
aware o f  l e a d ' s  d e b i l i t a t i n g  e f f e c t .  R am azz in i  d e s c r i b e s  the  
symptoms o f  l e ad  e n c e p h a lo p a th y  in  h i s  book.  D i s e a s e s  o f  Tradesmen, 
i n  1700.
Lead i s  a n a t u r a l  c o n s t i t u e n t  of s o i l ,  w a t e r ,  v e g e t a t i o n ,  
animal l i f e  and a i r ,  a l t h o u g h  the  n a t u r a l l y  o c c u r r i n g  l e v e l s  a r e  n o t  
c e r t a i n .  The s i g n i f i c a n t  s o u rc e s  o f  n a t u r a l l y  o c c u r r i n g  l e a d  would 
in c lu d e  d u s t s  from s o i l s  and p a r t i c l e s  from v o l c a n o e s .  Man, however ,  
i s  t h e  l e a d i n g  s o u rc e  o f  u n n a t u r a l  l e ad  in  the  a tm osphere  th rough  
the  r e s u l t s  of  m a n u f a c t u r i n g ,  p e s t i c i d e s ,  and le aded  g a s o l i n e .
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Lead i s  a common a i r  con tam inan t  i n  the  u rban  a r e a s  o f  the  
Uni ted  S t a t e s ,  and a v a i l a b l e  d a ta  i n d i c a t e  t h a t  the  combust ion  o f  
le aded  g a s o l i n e  i s  the  major sou rce  of  a i r b o r n e  lead  i n  t h e s e  a r e a s  
(2 6 ) .  Although much r e s e a r c h  has been done on the  t o x i c i t y  and 
e f f e c t s  o f  lead a t  i n d u s t r i a l  l e v e l s ,  on ly  r e c e n t l y  have th e  
e f f e c t s  o f  the  u rban  c o n c e n t r a t i o n s  been p o s t u l a t e d .  I t  i s  
a rgued  t h a t ,  w h e th e r  or  n o t  the  l e v e l s  measured a r e  in  themselves  
ha rm fu l  to  h e a l t h ,  such an i n c r e a s e  i s  l i k e l y  to  r e s u l t  i n  f u r t h e r  
c o n c e n t r a t i o n  of l e a d  in  some food c h a i n s ,  u l t i m a t e l y ,  t o  t o x i c  doses  
f o r  man, or some o t h e r  im p o r tan t  organism ( 2 7 ) .  The work i n ­
d i c a t e s  t h a t  th e  a tmosphere  of  the  N o r th e rn  Hemisphere c o n t a i n s  
a b o u t  one thousand t imes more lead  than  would occu r  n a t u r a l l y  i f  
man were  no t  a c o n t r i b u t o r .  D i r e c t  measurements  o f  th e  p r e - i n d u s ­
t r i a l  l e v e l s  a r e  n o t  a v a i l a b l e ,  and the  th e o ry  o f  the  menace o f  p r e ­
s e n t  l e v e l s  i s  y e t  c o n t r o v e r s i a l  and s u b j e c t  to  c o n t i n u i n g  r e s e a r c h .
A i rb o rn e  l e a d  can f i n d  i t s  way i n t o  o t h e r  phases  o f  our e n v i r o n ­
ment. R a i n f a l l  d a t a  from s t a t i o n s  in  th e  U ni ted  S t a t e s  show lead  i n  
e x ces s  o f  the maximum allowed i n  United  S t a t e s  P u b l i c  H e a l t h  S ta n d a rd s  
f o r  d r i n k i n g  w a te r  i n  two major c i t i e s .  The d a t a  show a ve ry  h igh  
c o r r e l a t i o n  be tween l e a d  c o n c e n t r a t i o n  i n  th e  r a i n f a l l  and the  s a l e s  
o f  l e ad e d  g a s o l i n e  i n  the  c o u n t i e s  where th e  c o l l e c t i o n  s t a t i o n s  
were  l o c a t e d  (2 8 ) ,
Urban lead  c o n c e n t r a t i o n s  va ry  w i d e l y .  I n  a s tu d y  by the  U ni ted  
S t a t e s  P u b l i c  H e a l th  S e r v i c e ,  the  annual  a v e r a g e  l e a d  c o n c e n t r a t i o n  
v a r i e d  from one to  t h r e e  micrograms o f  l e ad  p e r  cu b ic  mete r  in  the  
c i t i e s  o f  Los A n g e le s ,  C i n c i n n a t i  and P h i l a d e l p h i a .  The mean
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c o n c e n t r a t i o n  over  s h o r t  p e r i o d s  o f  heavy  t r a f f i c  r a n g e d  from ll+ 
pg/m3 on C i n c i n n a t i  s t r e e t s  th rough  25 Pg/m3 on Los A nge les  f r e e ­
ways t o  1̂+ Pg/m3 i n  a v e h i c u l a r  t u n n e l  (2 9 ) .  Lead c o n c e n t r a t i o n s  
on t h e  s t r e e t s  o f  P a r i s  r an g ed  from 3*25 to  9 - 8  pg/m3 ( 3 0 ) .  O sak a ,  
J ap an  h a s  r e p o r t e d  1+.5 pg/m3 i n  r e s i d e n t i a l  a r e a s ,  1 0 . 2  pg/m3 on 
main t r a f f i c  a r t e r i e s  and 36.6  pg/m3 on s t r e e t s  w i t h  dense  t r a f f i c  
( 3 1 ) .  A t l a n t a  h a s  r e p o r t e d  1 . 8  pg/m3 i n  u rb an  a r e a s  w h i l e  t h e  non-  
u r b a n  a r e a s  o f  C i n c i n n a t i  and A t l a n t a  have  r e p o r t e d  0.1+ and 0 .9  Pg/m3 
o f  l e a d  r e s p e c t i v e l y  ( 3 2 ) .
The l e a d  e x h a u s t e d  by a u to m o b i l e s  h a s  i t s  o r i g i n  in  t h e  a n t i ­
knock  a d d i t i v e s  i n  th e  g a s o l i n e .  The a d d i t i v e  u s u a l l y  c o n t a i n s  an 
o r g a n i c  l e a d  compound and h a l i d e  s c a v e n g e r s  t h a t  combine w i t h  t h e  
l e a d  and l e a v e  the  e n g in e  th ro u g h  t h e  e x h a u s t  g a s e s  i n  th e  form o f  
i n o r g a n i c  compounds,
I n  i n d u s t r i a l  u s a g e ,  l e a d  i s  e n c o u n te r e d  a s  l e a d  fume and d u s t  
i n  t h e  m e l t i n g  o f  l e a d ;  l e a d  c a r b o n a t e ,  l e a d  s u l f a t e ,  and l e a d  
ch rom ate  i n  th e  p igment  i n d u s t r y ;  l e a d  a r s e n a t e  d u s t  in  th e  manu­
f a c t u r e  o f  p e s t i c i d e s ;  l e a d  s i l i c a t e  i n  t h e  p o t t e r y  i n d u s t r y ;  l e a d  
p e r o x i d e  and l e a d  o x id e  i n  t h e  s t o r a g e - b a t t e r y  i n d u s t r y ;  and l e a d  
s u l f i d e ,  l e a d  c a r b o n a t e  and l e a d  o x id e  i n  the  m in in g  and m i l l i n g  
o f  l e a d  o re  (3 3 )*
L e v e l s  r e p o r t e d  r e c e n t l y  by t h e  U ni ted  S t a t e s  P u b l i c  H e a l t h  
S e r v i c e  i n c l u d e  11 mg/m3 i n s i d e  i n s e c t i c i d e  p l a n t s ,  38 mg/m3 
i n s i d e  s t o r a g e  b a t t e r y  p l a n t s  and i+9 mg/m3 i n s i d e  p a i n t  f a c t o r i e s
(3*0 .
P r e s e n t  methods o f  sample  c o l l e c t i o n  i n v o l v e  s c r u b b in g  l a r g e
volumes o f  a i r ,  e i t h e r  by p h y s i c a l  e n t r a p m e n t  o f  p a r t i c u l a t e s  or by 
chemica l  c o l l e c t i o n  of m o le c u la r  l e a d .  A l l  methods i n  c u r r e n t  use  
in v o lv e  some type o f  t im e  a v e r a g i n g ;  c a r e  must be t a k e n  t o  make t h e s e  
d a ta  m e a n i n g f u l .
S e v e r a l  media used  f o r  the  e n t r a p m e n t  of  p a r t i c u l a t e  lead  a r e  
a s h l e s s  f i l t e r  p a p e r s  ( 5 5 ) ,  f i b e r g l a s s  s h e e t s  (5 6 ) ,  m i l l i p o r e  f i l t e r s  
(5 7 ) ,  and membrane f i l t e r s  ( 3 8 ) .  P r e c i p i t a t o r s  have  been  used to  
s tu d y  th e  l e a d  c o n c e n t r a t i o n  of  a u to m o t iv e  e x h a u s t s  ( 3 9 )*
Chemical . sc rubb ing  a g e n t s  employed f o r  removal o f  l e ad  from 
the  a tm osphere  were i o d i n e  in  fnethyl a l c o h o l  (Ho),  i o d i n e  in  aqueous  
p o ta s s iu m  i o d id e  (*)1 ) ,  s a t u r a t e d  i o d i n e  i n  c a rbon  t e t r a c h l o r j . d e ,  
i o d in e  m o n o c h lo r id e ,  i o d i n e  c r y s t a l s  ( ^ 3 )> an^ a c t i v a t e d  c h a r c o a l  
(1+2). Two recommended s c r u b b i n g  a g e n t s  a r e  d i l u t e  n i t r i c  a c i d ,  a 
s t a n d a r d  s c r u b b e r  f o r  m e t a l s ,  and i s o - o c t a n e  o r  l e a d  f r e e  g a s o l i n e  
f o r  t e t r a e t h y l  lead  i n  p a r t i c u l a r  ( 4 ^ ) .
The d e t e r m i n a t i o n  o f  th e  c o l l e c t e d  l e a d  samples  h a s  been p e r ­
formed by a c t i v a t i o n  a n a l y s i s  ( 3)1 am p erom et r ic  t i t r a t i o n s  (4 5 ),  
paper  ch rom atography  (35 )> e m is s io n  s p e c t r o s c o p y  ( 3 6 ) ,  c o l o r i m e t r i -  
c a l l y  w i t h  s - d i p h e n y l c a r b a z i d e  (U6 ) o r  d i p h e n y l t h i o - c a r b a z o n e  (^2 ) ,  
and a s  a f i e l d  t e s t  w i t h  t e t r a h y d r o x y q u i n o n e  (^6 ).
O p e r a t i o n  o f  the  Lead Hollow Cathode 
A l e a d  ca thode  was f a b r i c a t e d  i n  t h e  manner d e s c r i b e d  i n  th e  
e x p e r i m e n t a l  s e c t i o n .  The vacuum and gas  supp ly  l i n e s  were  con­
n e c te d  and the  a ssem bly  was a llowed t o  degas  a t  a p r e s s u r e  of 30 
microns  o f  mercury f o r  t w e n ty - f o u r  h o u r s .  The p r e s s u r e  was then
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a d j u s t e d  to  the  optimum v a lu e  w i t h  t h e  demand r e g u l a t o r  and m i c r o ­
m e te r  v a l v e .  The f i l l e r  gas was a r g o n .
The spec trum o f  t h e  lamp i s  shown i n  F ig u r e  1 0 .  Two o f  t h e  
f o u r  r e v e r s a b l e  l i n e s  used f o r  d e t e r m i n i n g  by l e a d  a tom ic  a b s o r p t i o n  
a r e  a p p a r e n t .  The s e n s i t i v i t y  o f  t h e  l i n e s  f o r  a to m ic  a b s o r p t i o n  
a r e ,  i n  d e c r e a s i n g  o r d e r :  2170$, 2833$) 26ll j$ and ^058$  ( 1 0 ) .  The
e m i s s i o n  band o v e r l a p p i n g  the  2833$  l i n e  was a s o u r c e  o f  much i r r i t a ­
t i o n .  The 2833$ l i n e  w a s ,  e v e n t u a l l y ,  t h e  one i n  p r im ary  u s e .  The 
r a d i a t i o n  from t h i s  band would n o t  be as s t r o n g l y  absorbed  by l e a d  
as r a d i a t i o n  from 2833$ l i n e ,  and t h e  s e n s i t i v i t y  o f  the  method a t  
t h i s  w a v e le n g th  would be s h a r p l y  d e c r e a s e d .
The 2830$ band was th o u g h t  to  be one o f  t h e  many h y d r o x y l  bands 
a p p e a r i n g  i n  t h i s  r e g i o n  due to t h e  p r e s e n c e  o f  m o i s t u r e  i n  t h e  
Sj_.tem. O the r  w o r k e r s  have found e v id e n c e  o f  m o i s t u r e  i n  t h e  a r g o n  
t a n k s  ( J 4 7 )  and a gas  d r y i n g  tower was i n s t a l l e d  i n  t h e  a rg o n  s u p p ly  
s y s t e m  i n  f r o n t  o f  t h e  demand r e g u l a t o r .  The s p e c t r a  showed a 
s i g n i f i c a n t  d e c r e a s e  o f  the  band e m i s s i o n  i n  t h e  2833$  r e g i o n  
( F i g .  1 1 ) .
The gas  flow s y s t e m  was o p e r a t e d  c o n t i n u o u s l y  and r e s u l t e d  i n  
ev en  more  band s u p p r e s s i o n  as  shown i n  th e  expanded 2800$  r e g i o n  
( F i g .  1 2 ) .  In  a d d i t i o n  to  the  2833$ r e s o n a n t  l e a d  l i n e ,  t h e  s p e c ­
trum shows the  2803$ n o n - r e s o n a n t  l e a d  io n  l i n e .  T h i s  l i n e  a s  w e l l  
a s  t h o s e  a t  28^0$  and 28*+0$ were u s e f u l  i n  d e t e r m i n i n g  th e  i n t e n s i t y  
o f  m o l e c u l a r  a b s o r p t i o n  whenever  i t  was th o u g h t  t o  have  o c c u r r e d .
An expanded v e r s i o n  o f  the  2 l 7 0 $  r e g i o n  o f  t h e  sp e c t ru m  ( F i g .  









FIGURE 1 0 . THE SPECTRUM OF THE LEAD HOLLOW CATHODE IN THE 3000&
RECION BEFORE THE DRYING TOWER WAS INSTALLED
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FIGURE 1 1 . THE SPECTRUM OF THE LEAD HOLLOW CATHODE IN THE 3000S
REGION AFTER THE DRYINC TOWER WAS INSTALLED IN THE ARGON LINE
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FIGURE 1 2 . EXPANDED SPECTRUM OF THE LEAD HOLLOW CATHODE
IN THE 2833ft REGION
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n e i g h b o r s .  The 2176$ l i n e  was used  to d e te r m in e  the  i n t e n s i t y  of  
m o le c u la r  a b s o r p t i o n .  The i n t e n s i t y  o f  t h e  2170$ l i n e  was much l e s s  
t h a n  t h a t  o f  t h e  2833$  l i n e .
The mean f r e e  p a th  o f  t h e  a c c e l e r a t e d  io n s  and hence  t h e  i n t e n ­
s i t y  o f  the  lamp i s  depen d en t  upon the  p r e s s u r e  o f  t h e  f i l l e r  g a s .
The e f f e c t  o f  p r e s s u r e  upon i n t e n s i t y  i s  shown i n  F i g u r e  l h  (Table  2) 
w hich  i n d i c a t e s  t h e  optimum s i g n a l  i s  o b t a i n e d  a t  a p r e s s u r e  of  
0 . 9  t o r r .
The dependence  on p r e s s u r e  i s  n o t  a c u t e ,  b u t  i t  i s  d e f i n i t e .
The a b i l i t y  t o  c o n s t a n t l y  c o n t r o l  the  a rgon  p r e s s u r e  i s  one o f  the  
many a d v a n ta g e s  o f  th e  demountab le  lamp.
High lamp c u r r e n t s  may p ro d u ce  a c lo u d  o f  meta l  a toms i n  f r o n t  
o f  t h e  h o l lo w  c a th o d e .  T h i s  c lo u d  may a b s o r b  r e s o n a n t  r a d i a t i o n  and 
d e c r e a s e  t h e  i n t e n s i t y  of  th e  lamp. The lamp s u f f e r s  f rom  r e v e r s a l .  
The dem ountab le  h o l low  c a th o d e  d id  n o t  a p p e a r  t o  s u f f e r  from the  
p rob lem  o f  r e v e r s a l .  Data w i l l  be p r e s e n t e d  i n  a l a t e r  s e c t i o n .
The flov?ing gas sy s tem  may have  swept t h e  m e t a l l i c  c lo u d  o u t  o f  the  
lamp chamber.  T h i s  would e l i m i n a t e  th e  r e v e r s a l .  The e f f e c t s  of  
c u r r e n t  on t h e  i n t e n s i t y  o f  t h e  2&33$ a^d 2170$  le ad  l i n e s  a r e  
shown i n  F i g u r e s  15a and 15b (T ab le s  3 and h ) .  The p rob lem  o f  f i l l e r  
gas  " c l e a n - u p "  by s p u t t e r e d  m e ta l  atoms a t  h i g h  c u r r e n t  i s  a l s o  
a l l e v i a t e d  by t h e  f lo w in g  gas  sys tem .
The s h i e l d e d  ca th o d e  shown i n  a p r e v i o u s  s e c t i o n  was d e s ig n e d  
so  t h a t  t h e  o n ly  s u r f a c e  a v a i l a b l e  f o r  c o n d u c t i o n  o f  c u r r e n t  was 
t h a t  i n  t h e  i n t e r i o r  o f  th e  h o l lo w  c a t h o d e .  The s h i e l d  p r e v e n t s  any 












FIGURE 111. THE EFFECT OF INTERNAL ARGON PRESSURE ON THE
INTENSITY OF THE LEAD IIOLLOW CATHODE LAMP
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TABLE 2 . I n t e n s i t y  o f  h o l lo w  ca th o d e  lamp a s  a f u n c t i o n  o f  
p r e s s u r e .
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TABLE 3 . I n t e n s i t y  v e rsu s  lamp c u r r e n t  fo r  2833^ Pb l i n e .
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TABLE 4 . I n t e n s i t y  ve r su s  lamp c u r r e n t  f o r  2170.S Pb l i n e .  
High v o l t a g e  98O v ,  g a i n  I 878
























n o t  a t  t h e  f o c a l  p o i n t  o f  the  c o l l e c t i n g  l e n s .
Care  must be t a k e n  in  t h e ' c h o i c e  o f  c u r r e n t  l e v e l .  C u r r e n t  
l e v e l s  above t w e n t y - f i v e  m i l l i a m p e r e s  w ere  found t o  m e l t  the  l e a d  
p lug  w i t h i n  t h e  h o l lo w  c a t h o d e .  When t h i s  hap p en ed ,  t h e  r e s u l t a n t  
d e p a r t u r e  from t h e  optimum.geometry  o f  t h e  ho l low  c a t h o d e  caused  a 
marked d e c r e a s e  i n  s i g n a l  i n t e n s i t y .
As a consequence  o f  th e  c a th o d e  s h i e l d i n g ,  th e  lamp showed e x ­
c e l l e n t  s t a b i l i t y .  F i g u r e s  16 and I f  (T a b le s  5 and 6 )  show a p l o t  
o f  t h e  s i g n a l  o f  th e  2 8 3 :$  and 2I 7O& l i n e s  v e r s u s  t im e  over  a h-3 
minute  p e r i o d .  A l though  th e  2I 70X l i n e  showed f a i r  s t a b i l i t y ,  i t s  
weak i n t e n s i t y  n e c e s s i t a t e d  h ig h  a m p l i f i c a t i o n .  The r e s u l t a n t  n o i s e  
l e v e l  s e v e r e l y  l i m i t e d  th e  u s e f u l n e s s  o f  t h i s  most s e n s i t i v e  a b s o r p ­
t i o n  l i n e .
O p e r a t i o n  o f  th e  I n s t r u m e n t  
E i g h t  3 / I 6 " c a rb o n  rods  f i v e  in c h e s  long  were  p l a c e d  in  t h e  
c o i l  o f  t h e  a t o m i z e r .  The t a n k  c i r c u i t  o f  t h e  r a d i o  f r eq u e n c y  
g e n e r a t o r  was t h e n  tuned  f o r  maximum power t r a n s f e r  t h r o u g h o u t  t h e  
power r a n g e  of  t h e  g e n e r a t o r .  The r e g u l a t o r  on t h e  a i r  supp ly  t a n k  
was a d j u s t e d  to  a p p r o x im a te ly  2 p . s . i . g .  and the  a c t u a l  f low r a t e  
was c o n t r o l l e d  by t h e  v a l v e  on t h e  r o t a m e t e r .
The i n i t i a l  r u n s  w i t h  t h i s  a p p a r a t u s  showed l e a d  t o  be p r e s e n t  
on t h e s e  " s p e c t r o g r a p h i c  g ra d e ” c a r b o n  r o d s .  When t h e  a i r  f lo w  was 
i n i t i a t e d ,  a b s o r p t i o n  im m ed ia te ly  r o s e  to  a p p r o x i m a t e l y  n i n e t y - f i v e  
to  one hundred  p e r  c e n t ,  then  began  a s low t a p e r ,  and f i n a l l y  
r e a c h e d  z e r o  a f t e r  a p e r i o d  o f  a p p r o x i m a t e l y  two h o u r s  ( F i g .  1 8 ) .  
F i g u r e  19 shows t h e  a b s o r p t i o n  t h a t  o c c u r r e d  a t  2I 7O& and 2.833&. No
^ 8















TABLE 5 . S t a b i l i t y  o f  th e  h o llo w  c a th o d e  lamp a t  2833^ le a d  l i n e .
Time in  m in u te s  I n t e n s i t y  U n i t s
o 57.
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TABLE 6 .  S t a b i l i t y  o f  th e  h o llow  c a th o d e  lamp a t  2170$ le ad  l i n e .









































a b s o r p t i o n  a t  
re so n an ce  l i n e  (2170&)
s t e a d y  a b s o r p t i o n  
s i g n a l
2170 A
a b s o r p t i o n  a t  non­
re so n a n c e  l i n e
(2l 7oX)




60 sec  0 60 sec
RF power = 5*25 kva 
a i r  f low r a t e  = 1 .2  1 /min
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a b s o r p t i o n  o c cu r red  a t  th e  n o n - r e s o n a n t  21 r(6$  and 2830X l i n e s .  
A b s o r p t io n  a t  a re so n an c e  l i n e  and l a c k  o f  a b s o r p t i o n  of a non­
r e s o n a n t  l i n e  i n d i c a t e d  t h a t  th e  a b s o r p t i o n  was due to  lead  and n o t  
t o  some e x t r a n e o u s  m o le c u la r  s p e c i e s  which was p r e s e n t  in  t h e  sample.  
F ig u r e  20 shows t h e  a b s o r p t i o n  a t  th e  2833^ r e so n an c e  l i n e  when a 
c h a r c o a l  s c r u b b e r  was p la ce d  i n  the a i r s t r e a m .  T h a t  no change in  
th e  a b s o r p t i o n  s i g n a l  o c cu r red  when th e  c h a r c o a l  s c ru b b e r  was on 
l i n e  i n d i c a t e d  the  observed  a b s o r p t i o n  s i g n a l  o r i g i n a t e d  on t h e  rods  
th e m se lv e s .  Subsequent  ru n s  w i th  f r e s h  rods  showed the  same p a t t e r n  
o f  a b s o r p t i o n .  The d a t a  i n d i c a t e d  t h a t  the  s i g n a l  o r i g i n a t e d  from 
i m p u r i t i e s  on th e  r o d s .  The ro d s  were  ana lyzed  by e m is s io n  s p e c ­
t r o s c o p y .
A Bausch and Lomb two mete r  L i t t ro w -m o u n t  s p e c t r o g r a p h  was used 
w i t h  a d i r e c t  c u r r e n t  a r c .  Two o f  th e  ca rbon  ro d s  were used  as  the  
e l e c t r o d e s  f o r  s e v e r a l  r u n s .  A l t e r n a t e l y ,  the  lower e l e c t r o d e  was 
r e p l a c e d  w i th  a cup-shaped  e l e c t r o d e  f i l l e d  w i t h  e l em en ta l  l e a d .
A t e n  by f o u r  inch  Kodak type  10*1- a - f  s p e c t r o g r a p h i c  p l a t e  was used 
a s  a d e t e c t o r .  The lead  l i n e s  a t  2833^  ant* *f-058S were i d e n t i f i e d  on 
t h e  s t a n d a r d i z a t i o n  runs  and found t o  be l a c k i n g  i n  the  c a rb o n  r o d s .  
As e m is s io n  s p e c t r o s c o p y  i s  a f a i r l y  s e n s i t i v e  t e c h n i q u e ,  t h i s  s e r v e s  
a s  a d e m o n s t r a t i o n  o f  the  ex treme s e n s i t i v i t y  o f  t h e  a b s o r p t i o n  i n ­
s t r u m e n t .
Due t o  t h e  p e r s i s t a n c e  of th e  l e a d  on th e  ca rb o n  r o d s ,  i t  was 
n e c e s s a r y  t o  p r e - h e a t  t h e  rods  f o r  a p p ro x im a te ly  two hours  to  











FIGURE 20. EFFECT ON THE ABSORPTION SIGNAL OF REMOVAL OF 
LEAD FROM AIRSTREAM WHEN A COLD CHARCOAL SCRUBBER IS USED
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O p e r a t i n g  P a ra m e te r s  o f  the  I n s t r u m e n t
The fo l l o w i n g  o p e r a t i o n a l  p a r a m e t e r s  w ere  op t im ized  f o r  t h e  
d e t e r m i n a t i o n  of  l e a d :
a )  a n a l y t i c a l  w a v e len g th
b )  r a d i o  f r e q u e n c y  power d e l i v e r e d  to  t h e  a to m iz e r
c )  t e m p e ra tu re  o f  the  "T" p i e c e
d )  f low r a t e  o f  t h e  sam pl ing  sys tem
e )  h o l lo w  c a t h o d e  c u r r e n t
A l l  o f  the  above  p a ram e te r s  a r e  i n t e r d e p e n d e n t .  Only t h e  f i n a l  
o p t i m i z a t i o n  of a p a r t i c u l a r  p a r a m e t e r  i s  p r e s e n t e d  in  t h i s  s e c t i o n .
A n o t i c e a b l y  a b s e n t  v a r i a b l e  i s  s l i t  w i d t h .  The p a r t i c u l a r  
monochromator was e q u ip p ed  w i th  a b ay o n e t  mount f i x e d  s l i t  s y s t e m .
The o n l y  s l i t s  a v a i l a b l e  wore one hundred  m ic ro n s  i n  w i d t h .  T h a t  
t h i s  s y s t e m  was more than  a d e q u a te  i s  shown by t h e  1 . 8^ r e s o l u t i o n  
and by  t h e  r e s o l u t i o n  shown i n  t h e  s p e c t r a l  s c a n s  i n  a p r e v i o u s  
s e c t i o n .
A l l  l e a d  sam ples  f o r  the  o p t i m i z a t i o n  s t u d i e s  were d e l i v e r e d  by 
the  d i f f u s i o n  chamber d e s c r ib e d  i n  t h e  c o n s t r u c t i o n  s e c t i o n .  The 
c a l i b r a t i o n  of t h e  d i f f u s i o n  chamber  f o r  t e t r a e t h y l  lead  w i l l  be p r e ­
s e n t e d  i n  a l a t e r  s e c t i o n .
A l l  s t u d i e s  u s e d  a i r  from a compressed a i r  c y l i n d e r .  The a i r  
was p a s s e d  th rough  an  a c t i v a t e d  c h a r c o a l  s c r u b b e r  p r i o r  t o  e n t e r i n g  
th e  s am p le  i n j e c t i o n  sys tem.  The s c r u b b e r  removed the  l e a d  p r e s e n t  
in  t h e  a i r  tank .  The e f f e c t  o f  v a r i o u s  s c r u b b i n g  agen ts  was s t u d i e d  
and w i l l  be p r e s e n t e d  i n  a l a t e r  s e c t i o n .
57
Choice  o f  A n a l y t i c a l  Wavelength
As p r e v i o u s l y  m en t io n ed ,  l e a d  has f o u r  re so n an c e  l i n e s  t h a t  a r e  
used  i n  atomic a b s o r p t i o n  s p e c t ro s c o p y :  2 1 7 0 8 , 26148, 28338, an-d
4058$. The most s e n s i t i v e  of  t h e s e  a r e  2I 708 and 28338.
A 6 . 0  pg/m3 l e a d  sample was i n t r o d u c e d  i n t o  the  a i r s t r e a m  v ia  
th e  m an i fo ld  sys tem ,  and th e  r e s u l t a n t  a b s o r p t i o n  was s t u d i e d  a t  
v a r i o u s  w a v e le n g th s .  F ig u re  21 (Table 7 ) i l l u s t r a t e s  t h e  a b s o r p t i o n  
o b s e r v ed  a t  2I 708 , 2I 76&, 26148, 28038, and itO^SS. The most s e n s i ­
t i v e  a b s o r p t i o n  l i n e  was th e  21708 l i n e ;  how ever ,  the  h i g h  a m p l i f i e r  
g a i n  and p h o t o m u l t i p l i e r  v o l t a g e  n e c e s s a r y  t o  d r iv e  the  r e c o r d e r  
f u l l  s c a l e  i n t r o d u c e d  so much i n s t a b i l i t y  t h a t  the  g e n e r a l  u s e f u l ­
n e s s  o f  t h i s  l i n e  was s e v e r e l y  l i m i t e d .  The a b s o r p t i o n  a t  28338 was 
s l i g h t l y  more than  h a l f  as s e n s i t i v e  as t h a t  a t  2I 70 8 . However,  the  
much g r e a t e r  i n t e n s i t y  o f  t h i s  l i n e  a l lowed  a much more r e a s o n a b le  
d e g re e  o f  a m p l i f i c a t i o n  to  be employed, r e s u l t i n g  in  a much more 
s t a b l e  lamp s i g n a l  and a more r e p r o d u c i b l e  a b s o r p t i o n  s i g n a l .  The 
2853$ 1 ine  was t h e r e f o r e ,  chosen  f o r  the  m a j o r i t y  o f  t h e  s t u d i e s .  
S e v e r a l  s t u d i e s  i n c l u d i n g  a c a l i b r a t i o n ,  n e v e r t h e l e s s ,  used  the  
2I 7O& l i n e .
The absence o f  a b s o r p t i o n  a t  2I 768 and 28038, which a t e  imme­
d i a t e l y  a d j a c e n t  t o  2I 708 and 28338, r e s p e c t i v e l y ,  gave s t r o n g  i n ­
d i c a t i o n  t h a t  the  a b s o r p t i o n  s i g n a l  obse rved  a t  the  above re sonance  
l i n e s  was due to  th e  a tomic  a b s o r p t i o n  o f  l e a d  i n  t h e  a i r s t r e a m  and 
was n o t  caused by m o le c u la r  a b s o r p t i o n  due t o  an e x t r a n e o u s  m o le c u la r  
s p e c i e s .
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TABLE 7 . Comparison o f  a b s o r p t i o n  s i g n a l  due to  a 60  M-g/nr3 
l e a d  in  a i r  sample .








4058$ due to  t h e i r  low s e n s i t i v i t y ;  the  amount o f  l e ad  i n  the  a i r ­
s t r e a m  was too  low to  be d e t e c t e d  a t  t h e s e  re so n an c e  l i n e s .  Once 
an amount o f  l e ad  s u f f i c i e n t  t o  g ive  a momentary d e f l e c t i o n  a t  th e  
2614$ l i n e  was i n j e c t e d .  The r e s i d u a l  c o n ta m in a t i o n  from t h i s  one 
i n j e c t i o n  i n  t h e  a p p a r a t u s  was so g r e a t  t h a t  th e  a b s o r p t i o n s  a t  
2833$ and 2170$ were swamped. The i n j e c t i o n  system and manifo ld  had 
t o  be baked o u t  a t  f i v e  hundred deg rees  c e n t i g r a d e  o v e r n i g h t ,  t h e  
e n t i r e  q u a r t z  a b s o r p t i o n  tube  had to  be d i s c a r d e d  and a new one con ­
s t r u c t e d .  No s u b seq u en t  a b s o r p t i o n  or c a l i b r a t i o n  s t u d i e s  were p e r ­
formed a t  t h e s e  l e s s  s e n s i t i v e  w a v e le n g th s .
Radio  Frequency Power S tu d i e s
The t e m p e ra t u re  o f  th e  carbon rods  i n  th e  a to m iz e r  markedly  i n ­
f l u e n c e s  the  c o m p o s i t io n  o f  the  p r o d u c t s .  As p r e v i o u s l y  s t a t e d ,  
a t e m p e ra tu re  i n  excess  o f  one thousand deg rees  c e n t i g r a d e  w i l l  
s h i f t  the  c a rb o n  d i o x i d e - c a r b o n  monoxide e q u i l i b r i u m  to  f a v o r  c a rb o n  
monoxide a lm o s t  e x c l u s i v e l y .  Tempera tures  i n  t h e  a to m iz e r  must  ex ­
ceed t h i s  v a lu e  i f  e f f i c i e n t  o p e r a t i o n  i s  e x p ec te d .
There was no p r a c t i c a l  means o f  m o n i to r in g  th e  fu rnace  tem pera ­
t u r e .  Thermocouples would be u s e l e s s  because  o f  th e  s t r o n g  i n ­
d u c t i o n  f i e l d  i n s i d e  th e  a to m iz e r ;  p r e c i s e  o p t i c a l  pyrom ete rs  cou ld  
n o t  be used because  o f  a d a rk  " c r u s t "  which appea red  on the  ro d s  
a f t e r  a few minutes  o f  h e a t i n g .  E s t i m a t i o n s  cou ld  be made based  on 
the  c o l o r  o f  the  ro d s  a t  th e  i n t e r i o r  o f  the  f u r n a c e .  The c o l o r  
o f  t h e  ro d s  observed  when th e  i n s t r u m e n t  was o p e r a t i n g  under  optimum 
c o n d i t i o n s  i n d i c a t e d  an i n t e r n a l  t e m p e r a t u r e  o f  1200° to  1300°C.
The t e m p e ra tu re  o f  the  a to m ize r  cou ld  n o t  be moni to red  d i r e c t l y .
6 1
H ow ev e r , ' i t  i s  depen d en t  upon the  r a d i o  f r e q u e n c y  power s u p p l i e d  t o  
th e  c o i l .  The power d e l i v e r e d  by t h e  g e n e r a t o r  was governed  by a 
v a r i a b l e  t r a n s f o r m e r  which  c o n t r o l l e d  the  p l a t e  v o l t a g e  i n  t h e  t ank  
c i r c u i t .
A s t u d y  o f  the  power f u n c t i o n  o f  th e  a b s o r p t i o n  i s  d e p i c t e d  in  
F i g u r e  22 (Tab le  8 ) .  The a t o m i z a t i o n  e f f i c i e n c i e s  i n c r e a s e d  to  a 
maximum a s  t h e  power to  th e  c o i l  was i n c r e a s e d  t o  3 kva .  The r e ­
sponse  t h e n  l e v e l e d  o f f  and showed l i t t l e  v a r i a t i o n  a s  power was 
f u r t h e r  i n c r e a s e d .
The r e s p o n s e  maximum can  be c o n t r o l l e d  by s e v e r a l  f a c t o r s .  The 
g e n e r a t o r  may have been  e l e c t r i c a l l y  s a t u r a t e d ;  f u r t h e r  i n c r e a s e  in  
p l a t e  v o l t a g e  would h ave  caused no f u r t h e r  i n c r e a s e  i n  power s u p p l i e d  
by t h e  g e n e r a t o r .  The power d e l i v e r e d  by an i n d u c t i o n  a p p a r a t u s  i s  
governed  by th e  " t u n i n g "  o f  t h e  r e s i s t a n c e  o f  t h e  load  i n  t h e  ex­
t e r n a l  c o i l ;  the  d e c r e a s e  o f  th e  r e s i s t a n c e  o f  th e  ro d s  a s  t h e i r  
t e m p e r a t u r e  i n c r e a s e d  may have p r e v e n t e d  maximum energy  t r a n s f e r .
The l a c k  o f  maximum e n e r g y  t r a n s f e r  due to  r e s i s t a n c e  change  could  
r e g u l a t e  t h e  t e m p e r a t u r e  and e f f i c i e n c y  of t h e  a t o m i z e r .  Much more 
l i k e l y ,  t h e  a to m iz e r  r e a c h e s  i t s  maximum e f f i c i e n c y  a t  a p p r o x i m a t e l y  
1200 d e g r e e s  c e n t i g r a d e ;  t h i s  t e m p e r a t u r e  was a t t a i n e d  a t  a p p r o x i ­
m a te ly  J  kva d e l i v e r e d  power. F u r t h e r  i n c r e a s e s  i n  t h e  power d e ­
l i v e r e d  t o  th e  a t o m i z e r  would n o t  a f f e c t  t h e  e f f i c i e n c y  o f  t h e  
a t o m i z a t i o n  p r o c e s s .
A power s e t t i n g  o f  65$ on t h e  p l a t e  v o l t a g e  c o n t r o l l e r  (3 .25  









FIGURE 22. THE EFFECT OF ATOMIZER TEMPERATURE (RADIO 
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TABLE 8 . Radio  f req u en cy  power v e rs u s  a b s o r p t io n  s ig n a l ,
$ RF Power A b so r p t io n
10 0
20 78







Tem pera tu re  o f  the  A b s o r p t io n  Tube 
The f r e e  l i f e t i m e  o f  the  n e u t r a l  atoms i s  u s u a l l y  t e r m i n a t e d  
by  a d s o r p t i o n  o r  c o n d e n s a t i o n  on the  \ * a l l s  o f  t h e  a p p a r a t u s  o r  by 
o x i d a t i o n .
The a b s o r p t i o n  tube  m a i n t a i n e d  t h e  n e u t r a l  atoms i n  t h e  l i g h t  
p a t h  so  t h a t  a b s o r p t i o n  co u ld  be i n c r e a s e d .  E x t e n s i o n  o f  t h e  l i f e ­
t im e  o f  t h e s e  n e u t r a l  atoms a l lo w ed  g r e a t e r  a c c u m u la t io n  i n  t h e  lo n g  
a b s o r p t i o n  tube  an d ,  h e n c e ,  i n c r e a s e d  a n a l y t i c a l  s e n s i t i v i t y .  The 
r e d u c i n g  a tm osphere  i n h i b i t e d  o x i d a t i o n  w h i l e  t h e  a b s o r p t i o n  tube  
was h e a t e d  to  r e t a r d  a d s o r p t i o n  on th e  w a l l s  o f  t h e  chamber.  The
h e a v y  d u ty  h e a t e r s  used  t o  h e a t  th e  a b s o r p t i o n  tube  were  r a t e d  a t
a maximum t e m p e r a t u r e  o f  1300 d e g r e e s  c e n t i g r a d e .  The maximum 
t e m p e r a t u r e  r e a c h e d  w i t h i n  t h e  tube  was 1180 d e g r e e s  c e n t i g r a d e .
The t e m p e r a t u r e  was measured w i t h  a L. and N. p o t e n t i o m e t e r  and an 
i c e - w a t e r  r e f e r e n c e d  Chrome1-Alumel t h e rm o c o u p le .  The g r e a t e s t  
a b s o r p t i o n  s i g n a l  f o r  a l l  m e t a l s  s u b j e c t e d  to  t h i s  method were  ob­
s e r v e d  a t  t h i s  maximum t e m p e r a t u r e .
Flow R a te  o f  t h e  A i r s t r e a m  
The r a t e  o f  f low o f  t h e  a i r s t r e a m  was c o n s i d e r e d  i n  t h e  l i g h t  
o f  s e v e r a l  f a c t o r s .  The r e a c t i o n  be tween  th e  oxygen i n  t h e  a i r ­
s t r e a m  and t h e  c a r b o n  r o d s ,  a s  w e l l  a s  t h a t  be tw een  t h e  l e a d  and
t h e  c a r b o n  monoxide must be a l low ed  t o  r e a c h  c o m p l e t i o n .  In c o m p le te
r e a c t i o n  would a l l o w  u n r e a c t e d  oxygen t o  e n t e r  t h e  a b s o r p t i o n  t u b e ,  
would cau se  i n e f f i c i e n t  a t o m i z a t i o n  w i t h i n  t h e  f u r n a c e ,  and would 
p r o v i d e  an  o i y d i z i n g  a tm o sp h ere  w i t h i n  t h e  a b s o r p t i o n  t u b e ,  which 
would  d e c r e a s e  t h e  f r e e  l i f e t i m e  o f  th e  reduced  m e ta l  a tom s,  A
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l a r g e  a i r  f low  cou ld  low er  th e  e f f e c t i v e  t e m p e r a t u r e  x j i t h i n  t h e  
f u r n a c e  chamber and c o u ld  re d u c e  th e  e f f i c i e n c y  o f  t h e  a t o m i z e r .
The f low r a t e  i s  a l s o  governed by th e  mean f r e e  l i f e t i m e  o f  t h e  
r e d u c e d  m e ta l  w i t h i n  t h e  a b s o r p t i o n  t u b e .  Too low a f lo w  r a t e  would 
a l l o w  th e  a toms to  condense  upon t h e  w a l l s  o f  th e  chamber b e f o r e  
th e  maximum c o n c e n t r a t i o n  co u ld  be a c h i e v e d .  A flow r a t e  t h a t  was 
to o  h i g h  would cau se  t h e  atoms to  be swept o u t  o f  th e  a b s o r p t i o n  
tu b e  b e f o r e  t h e  maximum a c c u m u la t io n  of  atoms cou ld  be r e a c h e d .  
I d e a l l y ,  t h e  optimum f lo w  r a t e  i s  t h a t  which would a l lo w  th e  atoms 
t o  end t h e i r  l i f e t i m e  j u s t  as  t h e  end of t h e  a b s o r p t i o n  t u b e  i s  
r e a c h e d .
The maximum f low r a t e  must a l s o  be c o n s i d e r e d  w i th  r e s p e c t  to  
t h e  d i f f u s i o n  chamber used  f o r  s t a n d a r d  i n j e c t i o n .  A l t s h u l l e r  
s u g g e s t s  a maximum f low  r a t e  o f  two l i t e r s  p e r  m inu te  when u s i n g  
t h e  d i f f u s i o n  chamber f o r  sample  i n j e c t i o n .
The r e s u l t s  o f  t h e  s tu d y  of  t h e  e f f e c t s  o f  f low r a t e  on a b s o r p ­
t i o n  a r e  shown i n  F ig u r e  23 (Tab le  9)*  The sample  was t e t r a e t h y l  
l e a d  i n j e c t e d  by a d i f f u s i o n  tube  h a v i n g  a d i a m e t e r  o f  two m i l l i ­
m e te r s  and a d i f f u s i o n  p a t h  l e n g t h  o f  17 c e n t i m e t e r s .  The a i r  f low 
was v a r i e d  be tween  t h e  l i m i t s  o f  0 .7  t o  1 .5  l i t e r s  p e r  m i n u t e ,  and 
t h e  a b s o r p t i o n  s i g n a l  a t  each  r a t e  was n o t e d .  The maximum a b s o r p ­
t i o n  s i g n a l  o c c u r r e d  a t  t h e  f low r a t e  o f  1 . 2  l i t e r s  p e r  m i n u t e .  Flow 
r a t e s  on e i t h e r  s i d e  o f  t h i s  v a l u e  y i e l d e d  a low er  a b s o r p t i o n  r e a d ­
i n g .  A f low r a t e  o f  1 . 2  l i t e r s  p e r  minu te  y i e l d e d  a t o t a l  l e a d  con­
c e n t r a t i o n  o f  6 .0  M-g/m3 \,7hen t e t r a e t h y l  l e a d  was used  w i t h  t h i s  









FIGURE 2 3 . THE EFFECT OF AIR FLOW RATE UPON THE LEAD
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TABLE 9  . A b so rp t io n  as  a f u n c t io n  o f  a i r  flow r a t e .
Flow Rate  $ A b so r p t io n
l i t e r s / m i n
0 .7  10
0 .8  16
0 . 9  ' 21
1 .0  2k
1 . 1  25
1 .2  26
1 . 3  25
1 .k  2k
1 .5  22
68
y i e l d e d  a s i m i l a r  maximum a b s o r p t i o n  s i g n a l  a t  1 .2  l i t e r s  per  
m i n u t e .
Optimum Lamp C u r re n t  
As mentioned i n  a p re v io u s  s e c t i o n  (p .  ^-0), c o n v e n t i o n a l  ho l low  
c a th o d e s  a r e  s u b j e c t  to  r e v e r s a l  a t  h igh  c u r r e n t s .  Th is  r e v e r s a l ,  
i f  p r e s e n t ,  w i l l  c au se  a marked d e c r e a s e  i n  t h e  a b s o r p t i o n  s i g n a l .  
S in c e  t h e  long  l i g h t  p a th  o f  t h e  i n s t ru m e n t  r e q u i r e d  h ig h  lamp 
c u r r e n t ,  th e  e f f e c t  of  lamp c u r r e n t  on th e  a b s o r p t i o n  s i g n a l  was 
s t u d i e d .  An a i r s t r e a m  c o n t a i n i n g  6 . 0  [J-g/m3 Pb was passed  th rough 
t h e  i n s t r u m e n t ;  t h e  a b s o r p t i o n  r e s u l t i n g  from v a r y i n g  th e  lamp 
c u r r e n t  i s  shown i n  F ig u re  2h (Table  1 0 ) .  No s i g n i f i c a n t  d i f f e r e n c e  
i n  t h e  a b s o r p t i o n  s i g n a l s  was o b s e r v e d .  These d a ta  su p p o r ted  the  
p r e v i o u s  s tudy  i n  i n d i c a t i n g  th e  absence  o f  r e v e r s a l  i n  demountable  
lamps.  The s t u d i e s  were  t h e r e f o r e ,  run  a t  lamp c u r r e n t s  c o n s i s t e n t  
w i t h  r e a s o n a b l e  a m p l i f i e r  g a i n  s e t t i n g s ;  u s u a l l y  t e n  to  f i f t e e n  
m i l l i a m p e r e s .
C a l i b r a t i o n  o f  the  D i f f u s i o n  Chamber 
The d i f f u s i o n  a p p a r a tu s  d e s c r i b e d  i n  a p re v io u s  s e c t i o n  was 
c a l i b r a t e d  f o r  d e l i v e r y  o f  t e t r a e t h y l  l e ad  and was used f o r  c a l i ­
b r a t i o n  o f  the  i n s t r u m e n t .  Chambers were f a b r i c a t e d  w i th  d i f f u s i o n  
tu b e s  h a v in g  d i a m e t e r s  o f  o n e ,  two, t h r e e ,  f o u r ,  f i v e  and s i x  m i l l i ­
m e t e r s ,  and twenty  c e n t i m e t e r s  i n  l e n g t h .  The a c t u a l  d i a m e te r  was 
c a l i b r a t e d  w i th  m ercury .  The t u b e s  were weighed c a r e f u l l y ,  th e n  
f i l l e d  t o  a h e i g h t  o f  t h r e e  c e n t i m e t e r s  w i th  mercury  and weighed 





FIGURE 2 k .  THE EFFECT OF LAMP CURRENT ON ABSORPTION
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TABLE 1 0 . A b s o r p t io n  s i g n a l  of a 6 . 0  Hg/m3 l e a d  sample a s  a 
f u n c t i o n  o f  lamp c u r r e n t  2833A Pb l i n e .
Lamp C u r r e n t  -  m i l l i a m p e r e s  P e r c e n t  A b s o r p t io n






and th e  d e n s i t y  o f  mercury  was used  to  c a l c u l a t e  t h e  a v e r a g e  diame­
t e r  o f  t h e  low er  t h r e e  c e n t i m e t e r s .
S in c e  t h e  d i f f u s i o n  c o e f f i c i e n t  was n o t  t a b u l a t e d  i n  t h e  l i t e r a ­
t u r e ,  an a c t u a l  c a l c u l a t i o n  o f  t h e  r a t e  o f  d i f f u s i o n  c o u ld  n o t  be 
pe r fo rm ed .  A c c o r d i n g l y ,  t h e  d i r e c t  c a l i b r a t i o n  o f  t h e  i n d i v i d u a l  
d i f f u s i o n  t u b e s  was u n d e r t a k e n .
Each o f  t h e  tu b es  was f i l l e d  t o  a h e i g h t  o f  t h r e e  c e n t i m e t e r s  
w i t h  c h ro m a to g ra p h ic  q u a l i t y  t e t r a e t h y l  l e a d  s u p p l i e d  by t h e  E t h y l  
C o r p o r a t i o n ,  They were c a r e f u l l y  weighed and t h e n  immersed i n  a 
w a t e r  b a th  a t  2 5 . 0  + 0 . 1  d e g r e e s  c e n t i g r a d e .  The t e m p e r a t u r e  o f  th e  
d i f f u s i o n  r e s e r v o i r  i s  most c r i t i c a l .  For  t h e  most  a c c u r a t e  d e t e r m i ­
n a t i o n s ,  t h e  t e m p e r a t u r e  o f  th e  r e s e r v o i r  must  n o t  v a ry  more th a n  
one t e n t h  o f  one d e g r e e .
T e t r a e t h y l  l e a d  t e n d s  t o  o x i d i z e  i n  a i r ;  t h e r e f o r e ,  n i t r o g e n  was 
u s e d  as  t h e  d i l u e n t  gas f o r  l o n g  te rm  m easu rem en ts .  A l t s h u l l e r  ( 2 l )  
h a s  s u g g e s te d  t h a t  t h e r e  i s  no a p p r e c i a b l e  d i f f e r e n c e  i n  t h e  d i f f u ­
s i o n  c o e f f i c i e n t  when n i t r o g e n ,  oxygen o r  a i r  i s  used  as  t h e  d i l u e n t  
g a s .
The n i t r o g e n  was p a s s e d  th ro u g h  th e  d i f f u s i o n  chambers  f o r  a 
p e r i o d  of e i g h t  to  t e n  w eeks .  The chambers  were  weighed w eek ly  t o  
d e s c e r n  i f  t h e  w e i g h t  l o s s  was c o n s t a n t .  W i t h i n  t h e  l i m i t s  o f  e r r o r  
i n h e r e n t  t o  t h e  b a l a n c e ,  t h e  l o s s  was found t o  be l i n e a r .
The f low  r a t e  o f  t h e  d i l u e n t  gas  was m a i n t a i n e d  a t  1 . 2  l i t e r s  
p e r  m in u te .  A b s o l u t e  a c c u r a c y  o f  t h e  flow r a t e  was n o t  n e c e s s a r y  
b e ca u s e  t h e  d i f f u s i o n  c o e f f i c i e n t  i s  in d e p e n d e n t  o f  th e  f low  r a t e .
The flow d id  n o t  v a r y  more t h a n  f i v e  m i l l i l i t e r s  p e r  m inu te  ( 0 .5 $ )
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o v e r  t h e  c a l i b r a t i o n  p e r i o d .
A f t e r  th e  c a l i b r a t i o n  p e r i o d ,  t h e  chambers  were  weighed and t h e  
r a t e  o f  l o s s  o f  t e t r a e t h y l  l e a d  was r e c o r d e d .  The r a t e  o f  l e a d  l o s s  
was t h e n  u sed  to  c a l c u l a t e  t h e  c o n c e n t r a t i o n  o f  l e a d  l e a v i n g  th e  
chamber when an a i r  f low  o f  1 .2  l i t e r s  p e r  m inu te  was p a sse d  th rough  
th e  sy s te m .
The measured  d i f f u s i o n  tube  d i a m e t e r ,  r a t e s  o f  d i f f u s i o n ,  and 
r e s u l t a n t  c o n c e n t r a t i o n  o f  l e a d  i n  t h e  a i i* s t ream  a r e  shown i n  Tab le  
1 1 ,  The f o u r  l a r g e r  tu b es  were c a l i b r a t e d  d i r e c t l y  by th e  w e ig h t  
l o s s  method.  The too  s m a l l e r  d i a m e t e r s  were  n o t  d i r e c t l y  w e ig h t  
c a l i b r a t e d  due t o  t h e  e x t r e m e ly  lo n g  t im e  n e c e s s a r y  f o r  d i r e c t ,  
a c c u r a t e  c a l i b r a t i o n .  I t  can  be s e e n  from t h e  d i f f u s i o n  e q u a t i o n  
g iv en  i n  a p r e v i o u s  s e c t i o n  t h a t  t h e  d i f f u s i o n  r a t e  from a tu b e  o f  
sm al l  d i a m e t e r  can  be c a l c u l a t e d  from d i f f u s i o n  tu b es  o f  l a r g e r  
d i a m e t e r s  ( 2 1 ) .  I f  th e  t e m p e r a t u r e  and p a t h  l e n g t h  a r e  k e p t  con­
s t a n t ,  t h e  d i f f u s i o n  r a t e s  a r e  i n  th e  same r a t i o  a s  t h e i r  r e s p e c t i v e  
c r o s s - s e c t i o n a l  a r e a s ,  and th e  r a t e  of  d i f f u s i o n  from th e  s m a l l e r  
t u b e s  c a n  be c a l c u l a t e d  from th e  l ' a t e s  o f  t h e  l a r g e r  t u b e s .
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TABLE IX. Calibration of the diffusion apparatus.
Weight loss Resultant concentration
by diffusion when diffusion into
p*g Pb/min air stream flowing
at 1.2 1/min - in [i-g/m3
0 .9 9 0 .0013 1 .5
2 .0 0 0 .0 0 7 2 6 .0
2 .99 0 .0 1 6 2 1 3 .5
1+ .05 0 .0238 2 9 .0
5 .0 9 0 . 0U50 37-5
5.99 0 .0 6 5 0 5 9 .0
Diameter of the 
diffusion tube mm.
Operation and Calibration of the Instrument
C a l i b r a t i o n  o f  the  i n s t r u m e n t  p roceeded  in  th e  f o l l o w i n g  
manner .  The d i f f u s i o n  chamber w i th  th e  d i f f u s i o n  tu b e  o f  th e  a p p r o ­
p r i a t e  d i a m e t e r  was a t t a c h e d  a t  p o r t  2 o f  th e  i n l e t  sy s tem .  A 
t h i s t l e  tube  was p lugged w i t h  g l a s s  w o o l ,  f i l l e d  w i t h  a c t i v a t e d  
c h a r c o a l  and s e a l e d  w i th  a r u b b e r  s t o p p e r ,  The s c r u b b e r  was a t t a c h e d  
a t  p o r t  3 ( F i g .  2 5 ) .
The f low r a t e  was a d j u s t e d  to 1 , 2  l i t e r s  pe r  m in u te .  The a i r  by­
p a sse d  b o th  t h e  d i f f u s i o n  chamber and t h e  s c r u b b e r ,  and fed  i n t o  
th e  p r e - c o n d i t i o n e d  a b s o r p t i o n  a p p a r a t u s .  This  i n i t i a l  purge r e ­
moved any a c c u m u la t io n  o f  l e a d  from th e  i n s t r u m e n t  and a l low ed  th e  
d i f f u s i o n  d e v i c e s  s u f f i c i e n t  time to  r e a c h  e q u i l i b r i u m .  The a i r  
f low was d i v e r t e d  w i t h o u t  i n t e r r u p t i o n  th rough  th e  d i f f u s i o n  i n ­
j e c t i o n  a p p a r a t u s  and th e  a b s o r p t i o n  was no ted  a f t e r  a s t e a d y  v a l u e  
was r e a c h e d .  The a i r s t r e a m  was th e n  d i v e r t e d  to  b y p ass  t h e  i n ­
j e c t i o n  a p p a r a t u s ,  and t h e  a b s o r p t i o n  s i g n a l  decayed to  z e r o .
A l t e r n a t i v e l y ,  t h e  a i r s t r e a m  was r o u t e d  th ro u g h  bo th  th e  
d i f f u s i o n  chamber and th e  a c t i v a t e d  c h a r c o a l  s c r u b b e r .  With t h i s  
a r r a n g e m e n t ,  th e  s c r u b b e r  was removing  t h e  i n j e c t e d  l e a d  and th e  
a b s o r p t i o n  s i g n a l  rem ained  a t  z e r o .  When the  a i r s t r e a m  was d i v e r t e d  
t o  bypass  th e  s c r u b b e r ,  t h e  a b s o r p t i o n  r o s e  s low ly  u n t i l  a s t e a d y  
v a l u e  was r e a c h e d .  The s i g n a l  dropped im m edia te ly  t o  z e r o  when th e  
s c r u b b e r  was p u t  back  on l i n e .
F ig u r e  26 shows a t y p i c a l  run u s i n g  th e  d i f f u s i o n  chamber i n ­
j e c t i o n  w i t h  a tube  o f  two m i l l i m e t e r s  i n  d i a m e t e r .  The i n i t i a l






















RF power = 5*25 ĉva 
a i r  f low r a t e  = 1 .2  l / m i n  
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p e ak  which q u i c k l y  r e t u r n s  t o  z e ro  i s  due t o  the  l e ad  a c c u m u la t io n  
w i t h i n  the a b s o r p t i o n  t u b e .  T h i s  lead  may be s lowly  b a k in g  o f f  the  
r o d s  or  coming from some o t h e r  sou rce  w i t h i n  th e  sys tem .  Th is  
i n i t i a l  b u r s t  was p r e s e n t  e v e r y  t ime th e  a i r  f low was i n t e r r u p t e d .
I t  was v i s i b l e  o n ly  a t  t h e  r e s o n a n t  l i n e s .
The f low  was ro u te d  th ro u g h  the  chamber and a second peak 
o c c u r r e d  which t a p e r e d  o f f  to  a c o n s t a n t  s i g n a l  an a b ­
s o r p t i o n  of 26^  o f  the  o r i g i n a l  l i g h t .  T h i s  peak was p r o b a b ly  due 
t o  the  a c c u m u la t i o n  o f  t e t r a e t h y l  lead  i n  th e  d i l u e n t  chamber when 
no a i r  i s  f l o w i n g .  The s t e a d y  va lue  of  26$ a b s o r p t i o n  was tak en  as 
t h e  e q u i l i b r i u m  d i f f u s i o n  i n j e c t i o n  r e a d i n g .  The chamber was th e n  
bypassed  and t h e  a b s o r p t i o n  s i g n a l  f e l l  g r a d u a l l y  to  z e r o .
The a l t e r n a t e  method i s  a l s o  shown i n  F i g u r e  26.  With  
b o t h  i n j e c t o r  and s c r u b b e r  on l i n e , n o  a b s o r p t i o n  was r e c o r d e d .  The 
s c r u b b e r  was bypassed  and th e  s i g n a l  s l o w l y  r o s e  to  i n d i c a t e  26f, 
a b s o r p t i o n .  The a i r s t r e a m  was c o n s t a n t l y  f l o w in g  th ro u g h  the  
d i f f u s i o n  chamber.  There  was no chance f o r  T .E .L .  v a p o r  t o  accum ula te
and no i n i t i a l  peak was o b s e r v e d  w i th  t h e  i n j e c t i o n  r e a d i n g .  When
t h e  s c r u b b e r  was pu t  back on l i n e ,  th e  a b s o r p t i o n  s i g n a l  f e l l  to  
z e r o  a g a in .
Both p r o c e d u r e s  y i e l d e d  t h e  same a b s o r p t i o n  r e a d i n g  and bo th
w ere  used e x t e n s i v e l y  t h r o u g h o u t  t h i s  i n v e s t i g a t i o n .
The c a l i b r a t i o n  o f  t h e  i n s t r u m e n t  a t  b o th  2833^ and 2170^ i s  
shown in F i g u r e s  27_30 and T ab les  12 and 1 3 . A l though  t h e  2I 7O& 
l i n e  e x h i b i t e d  a t h r e e  f o l d  advan tage  i n  s e n s i t i v i t y ,  i t s  low i n ­
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TABLE 1 2 . C a l i b r a t i o n  o f  the  in s tru m e n t  le ad  a t  the  285J& l i n e .
C o n c e n t r a t i o n  - JAg/ni3 ^  A b so rp t io n  Absorbance
1 .5 9 O.Okl
6 .0 26 0 .1 3 1
13 .5 ^7 0 .2 7 6
2I1-.0 67 O.Ij-75
37*5 22 0 .7 ^ 5
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TABLE 1 3 . C a l i b r a t i o n  o f  the  i n s t r u m e n t  l e a d  a t  the  2170$ l i n e .  
C o n c e n t r a t i o n  - ^g/m3 <j& T Absorbance
1 . 5  80 .09
6 .0  lt2 *38
1 3 .3  1H .85
21+.0 3 1 . 5
m
i n s t a b i l i t y  and reduced  p r e c i s i o n  r e s u l t e d  in  the  2833^  lead l i n e  
b e in g  chosen  as the  a n a l y t i c a l  w ave leng th  f o r  the  f u r t h e r  i n v e s t i -  
ga t i o n .
Although  c a l i b r a t i o n  cu rves  in  a tom ic  a b s o r p t i o n  need n o t  be 
l i n e a r  w i th  r e s p e c t  to  c o n c e n t r a t i o n ,  e x t r a p o l a t i o n  between c a l i ­
b r a t i o n  p o i n t s  can be done w i th  more a s s u r a n c e  i f  th e  cur$e  i s  
l i n e a r .  As can be seen  from F ig u r e s  28 and 30, the  c a l i b r a t i o n  fo r  
bo th  w av e len g th s  was l i n e a r  w i th  r e s p e c t  to  c o n c e n t r a t i o n .
The u s e f u l  a n a l y t i c a l  range f o r  the  2170& l i n e  was s e v e r e l y  
l i m i t e d .  Th is  was a n o t h e r  f a c t o r  which p re v e n ted  i t s  ch o ice  as 
t h e  a n a l y t i c a l  w a v e le n g th .  The 2833^ l i n e ' s  a n a l y t i c a l  
range  may be too  s e n s i t i v e  f o r  use  a t  the  h i g h e s t  l e a d  l e v e l s  p r e ­
v i o u s l y  r e p o r t e d ,  bu t  th e  l i n e  of  nex t  low es t  s e n s i t i v i t y  i s  un­
s u i t a b l e  f o r  use a t  normal  le ad  c o n c e n t r a t i o n s .
An a t t e m p t  was made to c a l i b r a t e  the  dev ice  a t  the  261^5 
r e s o n a n c e  l i n e .  An app rox im a te  c o n c e n t r a t i o n  o f  "250 pg/m3 was i n ­
j e c t e d  i n t o  the  a p p a r a t u s .  This r a t h e r  h ig h  l e v e l  produced only  a 
t r a n s i t o r y  a b s o r p t i o n  s i g n a l .  However,  the  r e s i d u a l  "memory" o f  the  
sys tem  from an i n j e c t i o n  a t  t h i s  l e v e l  ren d e red  th e  e n t i r e  system 
u n u sab le  f o r  work a t  l i n e s  of  g r e a t e r  s e n s i t i v i t y  u n t i l  the  a p p a r a ­
tu s  had been d e co n tam in a ted .  Obvious ly  work a t  t h e s e  h ig h  l e v e l s  
would r e n d e r  the  sys tem  u s e l e s s  f o r  low l e v e l  work ,  and no f u r t h e r  
c a l i b r a t i o n  of  these  l i n e s  i^as a t t e m p te d .
In  o r d e r  f o r  a method to  be u s e f u l  as  an a n a l y t i c a l  t e c h n i q u e ,  
t h e  i n f o r m a t i o n  produced must be p r e c i s e - j i . £ .  r e p r o d u c i b l e  as  w e l l  as  
a c c u r a t e .  The p r e c i s i o n  o f  the  i n s t r u m e n t  r e l a t i v e  t o  lead  a n a l y s i s
85
was dem ons t ra ted  by the  t e n  ru n  i n j e c t i o n  o f  6 , 0  ng/m3 Pb samples 
shown in  F ig u r e  and t a b l e  15 .
The p r e c i s i o n  shown was r e p r e s e n t a t i v e  o f  a l l  the c a l i b r a t i o n  
l e v e l s  (Tables I k ,  1 6 ,  1 7 ,  1 8 ,  and I 9 ).  The a c t u a l  i n f o r m a t io n  
y i e l d e d  by the  i n s t r u m e n t  was in  terms o f  p e r c e n t  To, and could be 
read  w i th  a c e r t a i n t y  o f  ap p ro x im a te ly  + 0 .5$» This method i s ,  
however ,  much more p r e c i s e  a t  t h e s e  l e v e l s  than o t h e r s  i n  use  f o r  
t h i s  p a r t i c u l a r  type  of  problem.
Tile d e t e c t i o n  l i m i t  f o r  a p a r t i c u l a r  a n a l y t i c a l  t e ch n iq u e  can 
be exp ressed  i n  any of  s e v e r a l  ways,  In  a tomic  a b s o r p t i o n  s p e c t r o s ­
copy,  the  lower  l i m i t  of d e t e c t i o n  i s  g e n e r a l l y  acc e p ted  to  be t h a t  
c o n c e n t r a t i o n  which y i e l d s  an a b s o r p t i o n  s i g n a l  of one p e r  c en t  
above the  n o i s e  l e v e l .  The normal c o n c e n t r a t i o n  o f  lead  in  the atmo­
s p h e r e  v a r i e s  from l e s s  than  one t o  f o r t y  micrograms p e r  cu b ic  m e te r ,  
and th e  d e t e c t i o n  l i m i t  must be below a tm o s p h e r i c  le ad  l e v e l s .
The s m a l l e s t  d i f f u s i o n  tube  used had a d i a m e te r  of  one m i l l i ­
mete r  which y i e l d e d  an a b s o r p t i o n  s i g n a l  o f  n in e  pe r  c e n t .
A l t s h u l l e r  warns  a g a i n s t  d i f f u s i o n  tubes  o f  any s m a l l e r  d ia m e te r  s i n c e  
s u r f a c e  t e n s i o n  may i n c r e a s e  the  s u r f a c e  a r e a  beyond t h a t  c a l c u l a t e d ;  
and f i l l i n g  t h e  tube  may p r e s e n t  problems (2 1 ) .
The fo l l o w i n g  p r o v i s i o n s  were  t h e r e f o r e ,  made f o r  the  de ­
t e r m i n a t i o n  o f  th e  d e t e c t i o n  l i m i t  (F ig .  5 2 ) .  A i r  was passed  th rough  
the  p r e - s c r u b b e r  and i n t o  th e  manifo ld  a t  12 l i t e r s  pe r  m inute .  At 
s c r u b  p o r t  1 , 1 ,2  l i t e r s  pe r  minute  o f  t h i s  s t r e am  was passed 
th rough  the  d i f f u s i o n  chamber w i th  an i n j e c t i o n  tube one m i l l i m e t e r  
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TABLE 1 5 . P r e c i s i o n  o f  lead  i n j e c t i o n .
C o n c e n t r a t i o n  6 . 0  |^g Pb/m3 
Run Number $  T
flow r a t e  = 1 .2  l i t e r s / m i n .  
Absorbance
1 7^ 0 .151
2 7,<- 0 ,1 5 1  '
3 73 0 .156
4 7^ 0 .1 5 1
3 75 0 .125
6 7*> 0 .151
7 73 0 .1 5 6
8 7*i 0 .151
9 7^ 0 ,13!
10 7^ 0 .1 3 1
avg . = O . l j l
o  = 0 .0 0 5
8 8
TABLE ll*. Precision of 1 .5  **g/m3 injection.
Sample Number # T Absorbance
1 91 0 .01+1
2 92 0 .0 3 6
3 90 0 .01*6
1* 91 O . O k l
5 92 0 .0 3 6
6 9° 0 . 01*6
7 91 0 .01*1
8 90 0 .01*6
9 91 0 . 01*1
10 91 O.Ol+i
avg. = 0,01*1 
■a = O.OOl*
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TABLE 16. Precision of 13*5 H-g/m3 injection.
Sample Number $  T Absorbance
1 53 0 .276
2 52 0 . 28*+
3 53 0 .2 7 6
*+ 52 0 . 28*+
5 53 0 .2 7 6
6 53 0 .276
7 53 0 .2 7 6
8 5*+ 0 .2 6 8
9 ' 53 0 .2 7 6
10 53 0 .2 7 6
avg. = 0.276
o  « 0.00*+
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TABLE 1 ? ■ P r e c i s i o n  of  2U.0 p-g/m3 i n j e c t i o n .












a  = 0.006
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TABLE 1 8 . Precision of 37«5 M*s/ro3 injection.
Sample Number i  t Absorbance
1 18 0 .7^5




avg. = O . 7U5 
a  = 0 .0 1 1
TABLE 19.  Precision of Jlf.O ffg/m3 injection.
Sample Number % T Absorbance
1 8 1 .1 0
2 8 1 .1 0
3 7 1.15
8 1 .1 0
5 8 1 .1 0
avg. = 1.100 
o =0.01
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FIGURE 32. INLET MANIFOLD SET UP FOR THE DETERMINATION OF
THE DETECTION LIMIT OF LEAD
ww <y ^






















c o n c e n t r a t i o n  was now 0 .1 5  |JL-g/ m3 . At  p o r t  3 , 90 p e r  c e n t  o f  th e  
a i r s t r e a m  was dumped o u t  th e  e x h a u s t  sys tem .  A c h a r c o a l  s c r u b b e r  
was i n s e r t e d  a t  p o r t  2 ,  and a flow m e te r  was i n s e r t e d  be tween
the  m an i fo ld  sys tem  and the  a b s o r p t i o n  tu b e .  Flow was k e p t  a t  1 . 2
l i t e r s  p e r  minute  t h ro u g h  t h e  a b s o r p t i o n  t u b e .
A i r  c o n t a i n i n g  0 .1 5  d-g/m3 of  l e a d  was passed  i n t o  the  a b s o r p ­
t i o n  t u b e .  The s t r e a m  was d i v e r t e d  th rough th e  s c r u b b e r  and the  
l e a d  was removed, t h i s  s t r e a m  showed z e ro  a b s o r p t i o n .  When the  
s c r u b b e r  was bypassed  an a b s o r p t i o n  o f  one pe r  c e n t  was o b s e r v e d .
A s tu d y  o f  t h i s  type  i s  shown in  F i g u r e  33*
A n o th e r  measure  o f  the  s e n s i t i v i t y  of a method i s  the  l e a s t
amount o f  a s u b s t a n c e  t h a t  can be d e t e c t e d .  The volume o f  a i r  
obse rved  in  t h e  a b s o r p t i o n  tube a t  any one t ime i s  180 m i l l i l i t e r s .
I f  the  l e a d  c o n c e n t r a t i o n  of  th e  a i r s t r e a m  was O . I 5 ^g/m3 , the  
amount o f  l e a d  in  t h e  a b s o r p t i o n  tube  a t  any one t ime was 3 x 10 11 
grams. T h i s  can a l s o  be tak en  as the  s e n s i t i v i t y  l i m i t  o f  th e  
method.
D e t e r m i n a t i o n  o f  Lead i n  the  Atmosphere 
An i n s t r u m e n t  d e s ig n e d  f o r  the  d i r e c t  a n a l y s i s  o f  the  a tm osphere  
mus t ,by  d e f i n i t i o n ,  be a b l e  to  a n a ly z e  an a i r  sample w i t h  no p r e -  
t r e a t m e n t .  T h e r e f o r e ,  t h e  a tm osphere  o f  t h e  l a b o r a t o r y  was p e r i ­
o d i c a l l y  used  a s  an  a n a l y t i c a l  sample  in  th e  f o l l o w i n g  manner .
A i r  from the  l a b o r a t o r y  was p a ssed  th rough  the  sy s te m  by t h e  
sm al l  S e a r s  com presso r  d e s c r i b e d  p r e v i o u s l y .  The f low was a d j u s t e d  
t o  1 , 2  l i t e r s  p e r  m inu te  th rough  th e  m a n i f o l d .  A t  p o r t  2 a c h a r c o a l  
s c r u b b e r  was i n s t a l l e d .  With  th e  s c r u b b e r  on s t r e a m ,  no a b s o r p t i o n
9^
FIGURE 33 . ABSORPTION SIGNAL AT THE DETECTION LIMIT OF LEAD
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FIGURE jk. ABSORPTION SIGNAL CAUSED BY LEAD IN
THE ATMOSPHERE
X = 2833ft 
RF power = 3*25 leva 
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TABLE 2 0 .  D e t e r m i n a t i o n  of  l e a d  i n  l a b o r a t o r y  a i r .
Date  Absorbance  C o n c e n t r a t i o n
8- 5-69
9 - 2 - 6 9
10 - 1 )1-69
11 -7 -6 9






1 . 1| pg/m3
I 5 .O pg/m3
2 .8  pg/m3 
2 .0  pg/m3
5 .9  pg/m3
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The d i r e c t  a n a l y s i s  of the  a tmosphere  o f f e r s  no methods of  p r e ­
t r e a tm e n t  of  the  sample to  remove i n t e r f e r e n c e s  and i n t e r f e r i n g  
a g en t s .  The e f f e c t s  o f  t h e s e  agen ts  must be c a r e f u l l y  i n v e s t i g a t e d .  
The p o l l u t i o n  of  the  a tmosphere  i s  n o t  caused by any one s u b s ta n c e  
and the  d e t e r m i n a t i o n  o f  one s p e c i e s  must be v a l i d  i n  the  p re sen ce  
of  o t h e r  components .
S e v e r a l  o f  the  i n t e r f e r e n c e s  common to  sp ec t ro p h o to m e t ry  were 
minimized e i t h e r  by th e  use  of  the  techn ique  of a tomic  a b s o r p t i o n ,  
by the  b a s i c  des ign  of  the  d e t e c t o r - a m p l i f i e r  sys tem,  o r  by the  
in s t r u m e n t  i t s e l f .
E x c i t a t i o n  i n t e r f e r e n c e  occurs  when an e x c i t e d  atom- o r  io n -  
t r a n s f e r s  i t s  energy  to  a n o t h e r  atom, th e re b y ,  p r e v e n t i n g  th e  a b s o r p ­
t i o n  of r e s o n a n t  r a d i a t i o n .  This phenomenon can i n t e r f e r e  i n  the  
d e t e r m i n a t i o n  o f  a s u b s t a n c e  t h a t  i s  e a s i l y  i o n i z e d ,  bu t i s  n o t  
u s u a l l y  found in  n o n - a l k a l i  m e ta l s .
I f  one in t r o d u c e s  a more e a s i l y  io n ized  s p e c i e s  i n t o  the  sys tem ,  
i t  w i l l  be io n iz e d  p r e f e r a b l y  to  the  a n a l y t e ,  the reby  p e r m i t t i n g  
more o f  t h e  a n a l y t e  atoms to  remain  in  the  ground s t a t e  and hence ,  
i n c r e a s i n g  th e  s e n s i t i v i t y  o f  the  method.
E x c i t a t i o n  i n t e r f e r e n c e  occurs  i n  flame type  a t o m i z e r s ,  p r e ­
d om ina te ly  i n  those  flames  r e a c h in g  ve ry  h igh  t e m p e r a t u r e s .  The 
g r a p h i t e  f u r n a c e  a to m iz e r  used in  t h i s  in s t ru m e n t  o p e ra te d  a t  much 
lower t e m p e r a t u r e s  and was f a r  l e s s  l i k e l y  t o . b e  a b l e  to  i o n i z e  any 
e lem en t .  No i n t e r f e r e n c e  from t h i s  source  was ex p ec te d .
In  f lam e  a t o m i z e r s ,  the  e lem ents  under i n v e s t i g a t i o n  w i l l  em it  
r a d i a t i o n  a t  t h e i r  c h a r a c t e r i s t i c  f r e q u e n c i e s .  The t e ch n iq u e  of
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flame e m is s io n  s p ec t ro s c o p y  i s  based on t h i s  phenomenon. I f  
e m iss ion  o ccu r s  a t  the  r e s o n a n t  w a v e le n g th ,  the  d e t e c t o r  w i l l  no t 
be a b le  t o  d i f f e r e n t i a t e  between t h i s  r a d i a t i o n  and t h a t  o r i g i n a t i n g  
from the  ho l low  ca thode  and an e r r o r  in  th e  d e t e r m i n a t i o n  w i l l  
o ccu r .  In o r d i n a r y  a tomic  a b s o r p t i o n  s p e c t r o m e t r y ,  the  lamp s i g n a l  
i s  p u l s e d ,  or  modula ted,  and the  d e t e c t o r  s i g n a l  i s  fed th rough  an 
a . c .  a m p l i f i e r .  The a m p l i f i e r  w i l l  pass  on ly  an a . c .  s i g n a l  and 
does no t  " s e e "  the  d . c .  s i g n a l  e m in a t in g  from the f lame.  The 
in s t ru m e n t  i n  q u e s t i o n  was b u i l t  w i th  an a . c .  a m p l i f i e r .
The a to m iz e r  was not the  flame ty p e ;  i t s  lower t e m p e ra tu re  was 
n o t  ex p ec ted  to  cause  the  a n a l y t e  to e m i t .  In  a d d i t i o n ,  the  
a to m ize r  f u r n a c e  was n o t  i n  the  l i g h t  c o l l e c t i o n  p a th  o f  th e  de ­
t e c t o r ,  thus ,  r a d i a t i o n  from th e  f u r n a c e  shou ld  n o t  r e g i s t e r  on th e  
i n s t r u m e n t .
Chemical I n t e r f e r e n c e
Lead in  t h e  a tmosphere  e x i s t s  in  v a r i o u s  chemical forms.  At 
the  p r e s e n t ,  the  major c o n c e rn  o f  p o l l u t i o n  a n a l y s i s  o f  t h e s e  
forms has  been the  e f f i c i e n c y  of  s c r u b b e r s  f o r  t h e s e  d i f f e r i n g  
chemical forms.
Atomic a b s o r p t i o n ,  however ,  h a s  been shown to  s u f f e r  from the  
e f f e c t s  o f  chemica l  i n t e r f e r e n c e s .  Lead phosphate  and c a r b o n a te  
show a d e c r e a s e  in  a b s o r p t i o n  s i g n a l  pe r  le ad  c o n c e n t r a t i o n  when 
r e f e r r e d  to  o t h e r  lead  s t a n d a r d s  (H8),  Chemical i n t e r f e r e n c e  
i s  caused  by the  incom ple te  r e d u c t i o n  o f  the  sample or by the  
fo rm a t io n  o f  a compound which i s  no t  reduced  to  the  ground s t a t e .
As lead  does  e x i s t  in  many chemica l  forms i n  the  a tm osphere ,  the
1 0 0
e f f e c t s  chem ica l  i n t e r f e r e n c e s  may have  on a method must be s t u d i e d .
The s o l i d  i n j e c t i o n  sys tem d e s c r i b e d  p r e v i o u s l y  was d e v i se d  
f o r  such  a s tu d y .  A p o r c e l a i n  b o a t  was f i l l e d  w i th  l e ad  
c h l o r i d e  and p l a c e d  w i t h i n  the  s o l i d  i n j e c t i o n  sys tem .  The tem­
p e r a t u r e  o f  the  sys tem  was e l e v a t e d  u n t i l  a r e a s o n a b l e  and s t e a d y  
a b s o r p t i o n  s i g n a l  was o b s e r v e d .  The s e t t i n g  on th e  powers t a t  was 
n o t e d ,  power was removed from th e  h e a t e r  and the  a b s o r p t i o n  s i g n a l  
was a l lo w ed  to  r e t u r n  to  z e r o .  The p r e v io u s  power s e t t i n g  was then  
d u p l i c a t e d  and the  a b s o r p t i o n  s i g n a l  obse rved  f o r  r e p r o d u c i b i l i t y .
The b o a t  was a l low ed  to c o o l  and th e n  th e  b o a t  was p l a c e d  in  
th e  same h e a t e r  used f o r  i n j e c t i o n  w i th  i t s  i n j e c t i o n  t e m p e r a t u r e  
d u p l i c a t e d .  A i r  was passed  o v e r  t h i s  b o a t  f o r  s e v e r a l  weeks and 
r o u t e d  th ro u g h  a s e r i e s  o f  d i l u t e  n i t r i c  a c i d  s c r u b b e r s .  The l e a d  
in  the  s c r u b b e r s  was a n a ly s e d  by a to m ic  a b s o r p t i o n  (^ 8 ) .  From t h i s  
a n a l y s i s  t h e  c o n c e n t r a t i o n  of  l e a d  pu t  i n t o  the  a i r  s t r e a m  could  be 
c a l c u l a t e d .  The b o a t  was p la ce d  i n s i d e  th e  i n j e c t i o n  sys tem once 
more,  and the  a b s o r p t i o n  s i g n a l  was no ted  f o r  r e p r o d u c i b i l i t y .
T h a t  t h i s  d id  r e p r o d u c e  the o r i g i n a l  a b s o r p t i o n  s i g n a l  a l low ed  th e  
a s su m p t io n  t h a t  the  i n j e c t i o n  was c o n s t a n t .
The above p r o c e s s  was d u p l i c a t e d  f o r  l e a d  c a r b o n a t e  and le ad  
p h o s p h a t e .  The a b s o r p t i o n  s i g n a l s  observed  a t  2833^ a r e  shown in  
F i g u r e s  35 > anc* 37* I *1 sh o u ld  be no ted  t h a t  th e  s i g n a l  r o s e
r a t h e r  s l u g g i s h l y  a s  the  t e m p e r a t u r e  of  the  a p p a r a t u s  r o s e  u n t i l  an  
e q u i l i b r i u m  t e m p e r a t u r e  and a b s o r p t i o n  s i g n a l  were  o b t a i n e d .  When 
th e  power was i n t e r r u p t e d  and th e  b o a t  removed,  t h e  s i g n a l  s lo w ly  









s t e a d y  s i g n a l
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\  = 2833&
RF power = 3*23 kva 
a i r  f low r a t e  = 1 .2  1/m i  






















\  = 2833^
FJT power = 3-25  kva 
a i r  f low r a t e  = 1 .2  1 /min 
l e a d  conc .  = 21 ^g/m3
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283O& l i n e  showed no e v i d e n c e  o f  m o l e c u l a r  a b s o r p t i o n  f o r  any  
compound.
The d a t a  f o r  th e  t h r e e  compounds a r e  shown in  T ab le  2 1 .  The 
a b s o r p t i o n  caused  by th e  l e a d  compounds d id  n o t  a p p e a r  t o  d i f f e r  
from the  a b s o r p t i o n  c au se d  by t e t r a e t h y l  l e a d .  The c h e m i c a l  form 
o f  lead  d i d  n o t  appear  t o  e f f e c t  th e  a b s o r p t i o n  s i g n a l .
The r e p r o d u c i b i l i t y  o f  t h i s  type  o f  i n j e c t i o n  i s  shown in  
Tab les  2 2 ,  2 3 ,  and 2h,  I t  i s  germane t o  n o t e  h e re  th e  a p p a r e n t  d i s ­
p a r i t y  be tw een  the  p r e c i s i o n  o f  l i q u i d  v e r s u s  s o l i d  i n j e c t i o n .  This  
r e s u l t e d  f rom  s e v e r a l  f a c t o r s ,  A v e r y  p r e c i s e  c o n t r o l  o f  t em pera ­
t u r e  was p o s s i b l e  f o r  t h e  l i q u i d  i n j e c t i o n ,  w h i l e  a v e ry  c o a r s e  con­
t r o l  was e x e r t e d  on th e  s o l i d  i n j e c t i o n s .  S e c o n d ly ,  the  l i q u i d  
i n j e c t i o n s  w e re  made a t  f a i r l y  sm al l  t ime i n t e r v a l s ,  w h i l e  a r a t h e r  
l a r g e r  t im e  i n t e r v a l  was p r e s e n t  f o r  s o l i d  i n j e c t i o n .
M o l e c u l a r  I n t e r f e r a n t s
I t  h a s  been  o b se rv ed  by w orke rs  i n  t h i s  l a b o r a t o r y  t h a t  molec­
u l a r  f r a g m e n ts  can  p ro d u c e  i n t e r f e r e n c e  w i t h  t h e  flame a t o m i z e r s  of  
normal a to m ic  a b s o r p t i o n  s p e c t r o s c o p y .  A l though  th e  c o n c e n t r a t i o n  
o f  o r g a n ic  a g e n t s  i n  t h e  a tm osphere  does  n o t  approach  t h e  l e v e l  used 
i n  flame a t o m i z e r s ,  many o r g a n ic  compounds from v a r i o u s  s o u r c e s  a r c  
found i n  t h e  a tm o s p h e re ,  and i n t e r f e r e n c e  from t h i s  s o u r c e  must be 
a n t i c i p a t e d ,  i f  n o t  o b s e r v e d .
The l i q u i d  o r g a n i c  compounds were  i n j e c t e d  i n t o  th e  a p p a r a t u s  
i n  th e  f o l l o w i n g  manner ( F i g .  38)*, a "u"  shaped d e v i c e  w i t h  a r u b b e r  
septum was p l a c e d  a t  p o r t  1 o f  th e  i n l e t  m a n i f o l d .  A H a m i l t o n ,  t e n
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TABLE 2 1 . I n te r f e r e n c e  e f f e c t s  o f  a n io n s .
Anion Absorbance C o n c e n t r a t i o n  
a t n .  by s c r u b b i n g  
pg/m3
C o n c e n t r a t i o n  
a t n .  by a b s o r p t i o n  
pg /m 3
Phosphn te 0 .L07 2 0 .6 21
C h l o r i d e 0 .5 8 3 2 9 .0 30
C arb o n a te 0.321J- 1 5 .5 16
TABLE 22 .  R e p r o d u c i b i l i t y o f  l e a d  p h o sp h a te i n j e c t i o n  2 0 .9<S Pg/mS
Sample Number $  T A b so rb an ce
1 39 .hQ?
2 37 .4 3 2
3 h i .3 8 8
k ho . 3 9 9
5 39 .^09
avg .  = 0 . b 0 7  
cr = 0 .0 1 7
TABLE 25 . R e p r o d u c ib i l i ty  o f  le a d  c a rb o n a te  i n j e c t i o n  1 6 .3 1  M'g/m3 .






a v g .  = 0.32*1- 
o  =  0.010
TABLE 24 .  R e p r o d u c i b i l i t y  o f  l e a d  c h l o r i d e  i n j e c t i o n  2 9 . 8 7  M-g/m3 .
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m i c r o l i t e r  s y r i n g e  was f i l l e d  w i th  the  o r g a n i c  l i q u i d  and p l a c e d  on 
a motor d r i v e n  c o n s t a n t  f low i n j e c t i o n  a p p a r a t u s .  The s y r i n g e  n e e d le  
was i n s e r t e d  th rough  th e  septum w i th  th e  n e e d l e  t i p  i n  t h e  c e n t e r  o f  
the  a i r  f low and t h e  l i q u i d  was i n j e c t e d  i n t o  t h e  a i r s t r e a m .  A i r  was 
p a ssed  o v e r  t h e  n e ed le  t i p  a t  twenty  l i t e r s  p e r  m in u te .  Complete  
e v a p o r a t i o n  o f  t h e  l i q u i d  was assumed.
At p o r t  2 ,  t h e  m a j o r i t y  o f  th e  s t r e a m  was dumped i n t o  th e  
e x h a u s t  sy s tem  and 1 .2  l i t e r s  p e r  minute  of  the  flow was a l lo w ed  to  
p a s s  on th rough  th e  sys tem .  The d i f f u s i o n  chamber was i n s t a l l e d  a t  
p o r t  3 > where  s i x  micrograms p e r  c u b ic  m e te r  o f  l e a d  was i n j e c t e d .
The i n j e c t i o n  r a t e  o f  th e  motor d r i v e n  s y r i n g e  was 0 . 8 0  m ic ro ­
l i t e r s  p e r  m in u te .  I f  the  d e n s i t y  o f  an a v e r a g e  o r g a n i c  com­
pound were 0 .7 5  grams pe r  c u b ic  c e n t i m e t e r ,  th e  s y r i n g e  would 
i n j e c t  a p p r o x i m a t e l y  6 x 10 4 grams of  compound pe r  m in u te .  With  an 
a i r  f low r a t e  o f  tw en ty  l i t e r s  p e r  m in u te ,  the  ap p ro x im a te  c o n c e n t r a ­
t i o n  o f  o r g a n i c  compounds was 30 m i l l i g r a m s  p e r  c u b ic  m e t e r .  The 
a c t u a l  v a lu e  v a r i e d ,  o f  c o u r s e ,  as  th e  a c t u a l  d e n s i t y  o f  th e  com­
pound d e p a r t e d  from 0.75* The d a t a  a r e  d i s p l a y e d  i n  T a b le  25- The 
r e s u l t s  a r e  g iv e n  i n  the  form o f  d e p a r t u r e  from the  t w e n t y - s i x  pe r  
c e n t  a b s o r p t i o n  s i g n a l  caused  by the  i n j e c t i o n  o f  s i x  micrograms of  
l e a d  p e r  c u b ic  m e te r .
The compounds were c h o se n  to  g iv e  r e p r e s e n t a t i o n  o f  many 
f u n c t i o n a l  g r o u p s .  Only two o f  the  o rg a n o h a lo g en  compounds,  ca rbon  
t e t r a c h l o r i d e ,  and c h l o r o f o r m , e x h i b i t e d  any a b s o r p t i o n  a t  2I 70S ,  
and on ly  c a r b o n  t e t r a c h l o r i d e  e x h i b i t e d  s i g n i f i c a n t  a b s o r p t i o n  a t  
2333^. Data  were  t a k e n  f o r  t h e  nearby  i n a c t i v e  l i n e s  o f  t h e s e
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TABLE 2!5. I n t e r f e r e n c e  e f f e c t s  o f  o r g a n ic  compounds.  T h i s  t a b l e
shows change  i n  pe r  c e n t  a b s o r p t i o n  from the  normal v a lu e  
f o r  a sample 6 ,0  (ig/m3 le ad  e f f e c t e d  by o r g a n i c  s o l u t i o n  
a t  v a r i o u s  w a v e l e n g t h s .
Compound 21708 21768 28558 2803&
w a t e r 0 0 0 0
hexane 0 0 0 0
c y c lo h ex an e 0 0 0 0
h e p ta n e 0 0 0 0
i s o p r o p a n o l 0 0 0 0
n - b u t a n o l 0 0 0 0
a c e t o n e 0 0 0 0
n - b u t y l  amine 0 0 0 0
n - b u t y l  s u l f i d e 0 0 0 0
p y r i d i n e 0 0 0 0
benzene 0 0 0 0
t o l u e n e 0 0 0 0
n i t r o b e n z e n e 0 0 0 0
bromobenzene 0 '  0 0 0
m ethy l  i o d i d e 0 0 0 0
c h l o r o f o r m k k 2 2
c a r b o n  t e t r a c h l o r i d e 7 8 h . k
1 1 0
too  r e g i o n s ,  and s i m i l a r  a b s o r p t i o n  s i g n a l s  V7e r e  observed .  S i m i l a r  
a b s o r p t i o n  a t  re so n an c e  and non resonance  l i n e s  i n d i c a t e d  m o l e c u l a r  
a b s o r p t i o n  by t h e s e  too s p e c i e s .
When th e  d e n s i t y  of  t h e se  too compounds was c o n s id e r e d ,  t h e  
a c t u a l  c o n c e n t r a t i o n  was a c t u a l l y  in  th e  ne ighborhood of f i f t y  m i l l i ­
grams per  c u b ic  m e te r .  This  c o n c e n t r a t i o n  i s  much h ig h e r  th a n  i s  
n o rm a l ly  en co u n te red  in  the  ambient a tm o sp h e re ,  and no i n t e r f e r e n c e  
from t h e s e  o r g a n ic  compounds should be e x p e c t e d .  When one,  h o w e v e r ,  
i s  m o n i to r in g  the  a tmosphere  i n  a r e g io n  where  h ig h  organohalogen  
c o n c e n t r a t i o n s  a r e  s u s p e c t e d ,  th e  p re s e n c e  o f  m o lecu la r  i n t e r f e r e n c e  
should  be c o n s id e r e d  and i n v e s t i g a t e d .
In o r g a n ic  M olecu la r  I n t e r f e r a n t s  
S e v e ra l  gaseous i n o r g a n i c s  a re  of  c o n c e rn  in  p o l l u t a n t  a n a l y s i s .  
S u l f u r  d i o x i d e ,  n i t r i c  ox ide  and hydrogen c h l o r i d e  a re  p r e s e n t  a t  
n o t i c e a b l e  l e v e l s  in  t o d a y ' s  p o l l u t e d  a t m o s p h e r e s ,  and t h e i r  p r e s e n c e  
must be c o n s i d e r e d  in  t h e  a n a l y s i s  scheme o f  any o t h e r  p o l l u t a n t s .
L e c tu r e  b o t t l e s  o f  th e  above gases  were  o b ta in e d  and t h e i r  
e f f e c t s  on th e  developed p rocedu re  were s t u d i e d  i n  the  f o l l o w i n g  
manner: th e  a i r  f l o r  was a d j u s t e d  to  tw en ty  l i t e r s  pe r  m in u te ,  and
passed  i n t o  t h e  i n l e t  sys tem in  the  u s u a l  manner .  The d i f f u s i o n  
chamber,  h a v in g  the  d i f f u s i o n  tube c a l i b r a t e d  to  d e l i v e r  59*0 m i c r o -  
grams of  l e a d  p e r  c u b ic  m ete r  of  a i r  was a t t a c h e d  a t  p o r t  2 , and 
1 .2  l i t e r s  p e r  minute  o f  the  a i r  flow was d i v e r t e d  through th e  
d i f f u s i o n  a p p a r a t u s  and back i n t o  the  o r i g i n a l  a i r s t r e a m .  The l e a d  
c o n c e n t r a t i o n  was 2 .6  micrograms per c u b i c  m e te r ,  A c h a r co a l  s c r u b ­
b e r  was a t t a c h e d  a t  p o r t  2 , a l s o .
I l l
A f i f t y  cub ic  c e n t i m e t e r  g l a s s  s y r i n g e  was a t t a c h e d  to  t h e  
m o to r ize d  d r i v e  and was c a l i b r a t e d  t o  d e l i v e r  2 . 8  m i l l i l i t e r s  p e r  
m inu te .  The s y r in g e  was  f i l l e d  w i t h  t h e  a p p r o p r i a t e  gas and was 
a t t a c h e d  a t  p o r t  3 . The c o n c e n t r a t i o n  of  the  gas  i n  t h e  a i r s t r e a m  
was one hundred  f o r t y  p a r t 6  per m i l l i o n .  The a b s o r b a n c e  was 
o bse rved  a t  2I 70R, 217<SS, 283<$ and 283;$■ The r e s u l t s  of  t h i s  
s tudy  a r e  shown i n  T a b l e  26.
No i n t e r f e r e n c e  was observed f ro m  any of  t h e  above ga se s  a t  t h e  
l e v e l s  u s e d .  The lhO ppm l e v e l s  f o r  any o f  t h e s e  g a se s  i s  d e c i d e d l y  
u n h e a l t h y ,  they a r e  w e l l  above'  t h e  l e v e l s  e n c o u n te r e d  i n  normal 
a tm o s p h e r i c  a n a l y s i s .  No i n t e r f e r e n c e  from t h e s e  s o u r c e s  s h o u ld  be 
e n c o u n te r e d  in  normal usage  of t h e  i n s t r u m e n t .
1X2
TABLE 2 $ . I n o r g a n ic  Molecula r I n t e r f e r a n t s
D e v ia t i o n  in  pe r  c e n t  a b s o r p t i o n  from 
s i g n a l  o b t a i n e d  from 3 .6  pg/m3 le ad
I n t e r f e r a n t  2 l?o£  2ly6S 2833& 2830S
S u l f u r  d iox ide  0 0 0 0
N i t r i c  oxide 0 . 0  0 0
Hydrogen c h l o r i d e  0 0 0 0
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S c ru b b e rs  f o r  Removing Lead
One o f  the  problems encoun te red  i n  a i r  p o l l u t i o n  a n a l y s i s  i s  
th e  a n a l y t i c a l  removal o f  the  sample from the  a tm osphere .  P r e s e n t  
a tm ospher i c  a n a l y t i c a l  methods invo lve  the  pro longed s c r u b b in g  of 
l a r g e  volumes of a i r .  The s c ru b b in g  a g e n t s  employed may o r  may 
n o t  q u a n t i t a t i v e l y  remove the  a n a l y t e  from the a tm osphere .  U n less  
the  e f f i c i e n c y  of  a p a r t i c u l a r  s c ru b b in g  a g en t  i s  known, the  d a ta  
o b t a in e d  by i t s  use w i l l  be i n v a l i d .  The s e n s i t i v i t y  o f  t h i s  i n ­
s t rum en t  o f f e r e d  a unique  o p p o r t u n i t y  to  e v a l u a t e  the  s c r u b b in g  
a g en t s  t h a t  have  been used in  the p a s t .
The s tu d y  was made in  the f o l lo w in g  manner. A p r e s c r u b b e r  was 
used in  the  a i r s t r e a m  b e f o r e  the i n l e t  m an i fo ld  sys tem ,  A p r e l i m i n a r y  
s tu d y  of  the  s c r u b b in g  a g e n t s  i n d i c a t e d  t h a t  c h a r c o a l  should  be 
used i n  the  p r e s c r u b b e r  to  i n s u r e  a su p p ly  o f  lead  f r e e  a i r .
A l l  s t u d i e s  were then  redone  w i th  t h i s  s c r u b b e r  i n  p l a c e .
The d i f f u s i o n  chamber s u p p ly in g  6 .0  pg/m3 o f  lead  was a t t a c h e d  a t  
p o r t  2 and the  v a r i o u s  s c r u b b e r s  were a t t a c h e d ,  s i n g l y ,  a t  p o r t  
3 .  With t h i s  a r r a n g e m e n t ,  one could  a l t e r n a t e l y  su p p ly  l e a d  f r e e  
a i r  f o r  r e f e r e n c e  p u r p o s e s ,  o r  supply  a measured s t a n d a r d  amount o f  
l ead  and check the  l e a d  removal e f f i c i e n c y  of  the  s c r u b b in g  a g e n t s .
Snyder (^3)  has  used a c t i v a t e d  c h a r c o a l  s c r u b b e r s  in  h i s  
s t u d i e s  o f  l e ad  i n  the  a tmosphere  o f  Baton  Rouge. He e x t r a c t e d  th e  
c o l l e c t e d  le ad  from the  c h a r c o a l  and de te rm ined  the  amount u s in g  
the  d i t h i o z o n a t e  method. Charcoa l  was h e a t e d  a t  two hundred deg rees  
c e n t i g r a d e  f o r  tw elve  ho u rs  f o r  a c t i v a t i o n .  The c h a r c o a l  was p laced  
i n  a g l a s s  t h i s t l e  tu b e ,  bo th  ends were plugged w i th  g l a s s  wool,
l i l t
and the  open end was capped w i t h  a T e f l o n  p lu g .  T e f l o n  t u b i n g  was 
a t t a c h e d  to  the  ends o f  the  s c r u b b e r  and a f f i x e d  t o  1 2 /8  
s t a n d a r d  b a l l  j o i n t s  f o r  a t t a c h m e n t  i n t o  the  i n l e t  m a n i f o ld .
The r e s u l t s  o f  t h i s  s tudy  a r e  shown i n  a com pos i te  i n  F i g u r e  
3 9 .  Lead f r e e  a i r  was passed  th ro u g h  th e  sys tem  a t  1 . 2  l i t e r s  per  
minute  and th e  z e r o  a b s o r p t i o n  was s e t ,  t h e n  t h e  a i r s t r e a m  was 
r o u t e d  th rough  th e  d i f f u s i o n  chamber where  6 .0  gg  o f  l e ad  p e r  c u b ic  
mete r  was i n j e c t e d .  The a b s o r p t i o n  s i g n a l  s t a b i l i z e d  a t  t w e n t y - s i x  
p e r  c e n t .  Upon i n s e r t i n g  the  s c r u b b e r ,  t h e  s i g n a l  im m e d ia te ly  
dropped t o  z e r o ,  i n d i c a t i n g  t h a t  a l l  o f  th e  l e a d  was removed from 
the  a i r s t r e a m  and t h a t  t h e  c h a r c o a l  s c r u b b e r ,  w i t h i n  th e  s e n s i t i v i t y  
l i m i t s  o f  the  i n s t r u m e n t ,  i s  v e r y  e f f i c i e n t  f o r  s c r u b b i n g  l e a d  from 
the  a tm o sp h e re .  The s c r u b b e r  was removed from th e  a i r s t r e a m ,  and 
the  a b s o r p t i o n  s i g n a l  r o s e  a g a i n  t o  t w e n t y - s i x  p e r  c e n t .
In  F ig u r e  bO th e  sequence  o f  e v e n t s  i s  r e v e r s e d .  The i n j e c t i o n  
was made w i t h  the  sample  s c r u b b e r  in  p l a c e ;  no a b s o r p t i o n  was ob­
s e r v e d .  A l l  o f  the  i n j e c t e d  l e a d  was removed from th e  a i r s t r e a m .
The s c r u b b e r  was removed from th e  a i r  f low and a b s o r p t i o n  r o s e  to  
t w e n t y - s i x  p e r  c e n t .  The s c r u b b e r  was p u t  back  o n - s t r e a m  and a b s o r p ­
t i o n  f e l l  a g a i n  to  z e r o .
S e v e r a l  i n v e s t i g a t o r s  have used  i o d i n e  01* i o d i n e  b ased  s c r u b ­
b e r s  i n  t h e  removal o f  l e ad  from the  a tm o s p h e re .  Snyder had  a l s o  
used i o d i n e  c r y s t a l s  i n  s c r u b b in g  l e a d  from th e  a tm o s p h e r e .  He used 
d i t h i o z o n e  method f o r  a n a l y s i s  a f t e r  f u r t h e r  p r e t r e a t m e n t . I o d in e  
c r y s t a l s  were  pu t  i n  a p o l y e t h y l e n e  t u b e ,  th e  ends  were  p lu g g e d  w i t h  









FIGURE 5 9 . ADSORPTION DATA USED TO EVALUATE THE EFFICIENCY
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OF THE ACTIVATED CHARCOAL SCRUBBER - I I
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t h e  same manner as  in  t h e  p r e v io u s  s tu d y .
The r e s u l t s  of  t h i s  s t u d y  a r e  i l l u s t r a t e d  i n  F i g u r e s  Ifl and h 2 .  
The m a n i p u l a t i o n s  o f  the  i n s t r u m e n t a l  p a ram e te r s  w e re  i d e n t i c a l  t o  
t h o s e  pe r fo rm ed  i n  the  p r e v i o u s  s t u d y ,  w i t h  t h e  r e s u l t s  a l s o  
p a r a l l e l i n g  th o s e  p r e v i o u s l y  o b t a i n e d .  When th e  a i r s t r e a m  was n o t  
p a s se d  th ro u g h  th e  s c r u b b e r  th e  ex p ec ted  t w e n t y - s i x  p e r  c e n t  
a b s o r p t i o n  was o b s e r v e d .  By s c r u b b in g  th e  s t a n d a r d  sample, th e  l e a d  
i n  the  a i r  was removed to  a l e v e l  below the  d e t e c t i o n  l i m i t s  o f  th e  
i n s t r u m e n t .  Both s c r u b b in g  sequences  were u sed ,  and i d e n t i c a l  
r e s u l t s  w ere  o b t a i n e d .
S nyder  had scrubbed  l e a d  from the  a tmosphere  u s i n g  io d in e  i n  
a methanol  s o l u t i o n ,  and h a s  r e p o r t e d  h igh  e f f i c i e n c y  f o r  t h i s  
s c r u b b i n g  a g e n t .  A s c r u b b e r  w i th  io d in e - m e th a n o l  was p repa red  
a c c o r d i n g  t o  S nyde r .  T h i r t e e n  grams o f  r e a g e n t  g r a d e  io d in e  were  
d i s s o l v e d  in  two hundred f i f t y  m i l l i l i t e r s  of  r e a g e n t  grade 
m e th a n o l .  T h i s  s o l u t i o n  was p la ce d  i n  a f i v e  hundred  m i l l i l i t e r  
gas  w ash in g  tower and was a t t a c h e d  t o  the  i n j e c t i o n  m an ifo ld  i n  t h e  
manner and u n d e r  the  c o n d i t i o n s  p r e v i o u s l y  d e s c r i b e d .  The r e s u l t s  
a r e  shown i n  F i g u r e  k j . A i r  f low was i n i t i a t e d  and th e  ex pec ted  
t w e n t y - s i x  p e r  c e n t  a b s o r p t i o n  was o b se rv ed .  When t h e  s c r u b b e r  was 
p l a c e d  on s t r e a m ,  the  a b s o r p t i o n  s i g n a l  r o s e  e r r a t i c a l l y  then  
dropped  to  a lm o s t  z e r o ;  a one per  c e n t  a b s o r p t i o n  s i g n a l  was o b s e r v e d  
when t h e  s c r u b b e r  was on l i n e .  The s c r u b b e r  was t a k e n  o f f  s t r e a m  
and t h e  a b s o r p t i o n  s i g n a l  r o s e  t o  t w e n t y - s i x  p e r  c e n t .  An i d e n t i ­
c a l  ru n  was made a t  a non a b s o r b i n g  w ave leng th  o f  2850& to  i n v e s ­









FIGURE kl. ABSORPTION DATA USED TO EVALUATE THE EFFICIENCY
OF THE IODINE SCRUBBER - I
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FIGURE lj-2. ABSORPTION DATA USED TO EVALUATE THE EFFICIENCY
OF THE IODINE SCRUBBER -II
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FIGURE 1*3. ABSORPTION DATA USED TO EVALUATE THE EFFICIENCY
OF THE IODINE-METHANOL SCRUBBER
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shown i n  F ig u r e  Ml-. No a b s o r p t i o n  was seen  upon i n j e c t i o n  of  the  
l e a d  sample.  A sm a l l  su rge  o c c u r r e d  when th e  s c ru b b e r  was p laced  
on l i n e ,  but t h i s  s i g n a l  q u i c k l y  f e l l  to z e r o ,  and remained t h e r e .
No ev idence  o f  c o n t i n u a l  m o le c u la r  a b s o r p t i o n  was p r e s e n t .  The 
ev id en ce  s u g g e s t s  t h a t  t h i s  p a r t i c u l a r  s c ru b b in g  agen t  i s  u n s u i t a b l e  
f o r  comple te  l e ad  removal when a t  f low r a t e s  o f  one l i t e r  per  m inu te .
T h i l l i e z  s u g g es ted  t h a t  io d in e  monochlo r ide  in  h y d r o c h l o r i c  a c id  
s o l u t i o n  was a s c r u b b in g  a g e n t  o f  h ig h  e f f i c i e n c y  (1 3 9 )* Ten grams o f  
r e a g e n t  g rade  io d in e  were d i s s o l v e d  i n  two hundred f i f t y  m i l l i l i t e r s  
of r e a g e n t  g rad e  h y d r o c h l o r i c  a c i d .  This s o l u t i o n  was p laced  in a 
f i v e  hundred m i l l i l i t e r  gas wash ing  tower and was a t t a c h e d  to  the  mani­
f o l d  i n  the  same manner d e s c r i b e d  p r e v i o u s l y .  The same m a n ip u la t io n s  
were made under t h e  same c o n d i t i o n s  w i th  th e  r e s u l t s  shown in  F ig u r e  
45 .  When th e  s c r u b b e r  was p laced  on l i n e ,  a l l  l i g h t  was co m p le te ly  
a b so r b e d .  Upon removing the  s c r u b b e r  from th e  a i r s t r e a m ,  the  s i g n a l  
im m edia te ly  f e l l  back to  the  tw e n t y - s i x  p e r  c e n t  a b s o r p t i o n  con­
s i s t e n t  w i th  the  6 . 0  p-g/m3 i n j e c t e d  lead sample .  A s i m i l a r  run  was 
made a t  2803S w i t h  comple te  a b s o r p t i o n  o c c u r r i n g  whenever the  flow 
s t re am  was r o u t e d  through th e  s c ru b b e r  ( F i g .  4 6 ) .
In  an e f f o r t  to de te rm ine  t h e  cause  o f  t h i s  t o t a l  o c c l u s i o n  o f  
l i g h t ,  c o n c e n t r a t e d  h y d r o c h l o r i c  a c id  only  was placed  in  a s c ru b b in g  
tow er ,  a t t a c h e d  to  the  m a n i fo ld .  The a b s o r p t i o n  was de te rm ined  a t  
2I 7O&, 2176$ ,  2803^  and 2835$ .  The r e s u l t s  a r e  shown i n  F ig u r e  47.
The t o t a l  a b s o r p t i o n  which o c c u r re d  a t  a l l  w a v e le n g th s ,  s t r o n g l y  sug­
g e s t e d  m o le c u la r  a b s o r p t i o n  by th e  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .










FIGURE THE ABSORPTION IN EVIDENCE WITH THE IODINE*
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FIGURE k 6 .  ABSORPTION SIGNAL, WITH THE IODINE MONOCIILORIDE- 
UC1 SCRUBBER AT AN INACTIVE LINE
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FIGURE iv?. THE ABSORPTION SIGNAL OBSERVED WHEN BUBBLING AIR 
THROUGH CONCENTRATED HYDROCHLORIC ACID
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a i r  f low  r a t e
5 .25  Rva 











S t e r n  (J+U-) s u g g e s t e d  use  o f  a d i l u t e  n i t r i c  a c i d  s o l u t i o n  as  
a s c r u b b i n g  a g e n t  f o r  most m e t a l l i c  compounds.  A t e n t h  normal 
s o l u t i o n  o f  n i t r i c  a c i d  was p r e p a r e d  and p l a c e d  i n  one o f  t h e  
gas  w ash ing  to w e rs .  I t  was a t t a c h e d  to  the  m a n i fo ld  i n  t h e  u s u a l  
manner and the  u s u a l  m a n i p u l a t i o n s  pe r form ed  under  th e  s t a n d a r d  
c o n d i t i o n s .  The r e s u l t s  a r e  shown i n  F i g u r e s  48 and 4-9. The 
n i t r i c  a c i d  s c r u b b i n g  e f f e c t i v e l y  removed a l l  the  l e a d  i n j e c t e d  
i n t o  th e  a i r s t r e a m  to  the  d e t e c t i o n  l i m i t  o f  th e  i n s t r u m e n t .
In  o r d e r  to  d e t e r m in e  t h e  a b s o r p t i o n  l e v e l s ,  a s u p p ly  o f  l e ad  
f r e e  a i r  must be a v a i l a b l e .  One purpose  o f  t h i s  s c r u b b e r  s tu d y  was 
the  d e t e r m i n a t i o n  o f  the  b e s t  s c r u b b in g  a g e n t  t o  be used to  remove 
th e  l e a d  found in  t h e  compressed a i r  t an k s  and y i e l d  a s u p p ly  of  
l e a d  f r e e  a i r  f o r  a c c u r a t e  s tu d y  p u r p o s e s .
Due t o  i t s  h ig h  e f f i c i e n c y  and g r e a t  e a s e  o f  m a n i p u l a t i o n  
and s a f e t y ,  a c t i v a t e d  c h a r c o a l  was s e l e c t e d  as t h e  a g e n t  f o r  the  
p r im a ry  s c r u b b e r .  A l a r g e  g l a s s  tube  was f i l l e d  w i t h  a c t i v a t e d  c h a r ­
c o a l ,  p lugged w i t h  g l a s s  wool and th e  ends were  s t o p p e r e d .  The 
s c r u b b e r  was p la ce d  on t h e  a i r  t a n k  im m ed ia te ly  a f t e r  th e  r e g u l a t o r  
and was l e f t  i n  p l a c e  e x c e p t  f o r  p e r i o d i c  r e p l a c e m e n t .  The a i r  
l e a v i n g  th e  s c r u b b e r  was found to  be l e a d  f r e e  a t  a l l  t im es  d u r i n g  
t h e  s t u d y .
Lead i n  Tank A i r  
The p r e v a l e n c e  o f  l e a d  i n  t h e  a tm osphere  i n d i c a t e d  i t  would be 
a d v an tag eo u s  to  check  f o r  l e a d  i n  t h e  compressed  a i r  t an k s  used  to  
su p p ly  t h e  i n s t r u m e n t .  T h e r e f o r e ,  t h e  c h a r c o a l  s c r u b b e r ,  which 
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FIGURE k 9 .  THE EFFICIENCY OF THE NITRIC ACID SCRUBBER - I I
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2 o f  the  i n j e c t i o n  m a n i f o l d .  The a i r  f low was tu r n e d  o n ,  s e t  a t  
1 . 2  l i t e r s  p e r  m in u te ,  w i t h  t h e  s c r u b b e r  on s t r e a m ,  and t h e  a b s o r p ­
t i o n  s i g n a l  rem ained  a t  z e r o .  The s c r u b b e r  was removed from th e  
a i r s t r e a m  an a b s o r p t i o n  s i g n a l  i n d i c a t e d  th e  p r e s e n s e  o f  l e a d  in  
t h e  compressed a i r  t a n k .  The r e s u l t s  o f  th e  s t u d i e s  w i t h  s e v e r a l  
d i f f e r e n t  compressed  a i r  t a n k s  a r e  shown i n  T a b le  27.  The a b s o r p t i o n  
i n d i c a t e d  l e a d  c o n c e n t r a t i o n  r a n g i n g  f rom two t o  s i x  micrograms o f  
l e a d  p e r  c u b i c  m ete r  o f  a i r .
T h i s  s tu d y  v a l i d a t e s  t h e  u se  o f  a p r c s c r u b b e r  i n  a l l  o t h e r  
s t u d i e s  pe r fo rm ed  on th e  i n s t r u m e n t .  A su p p ly  o f  l e a d  f r e e  a i r  i s  
a n e c e s s i t y  i n  the  a c c u r a t e  c a l i b r a t i o n  and p a r a m e te r  o p t i m i z a t i o n .
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TABLE 2 7 .  The d e t e r m i n a t i o n  of  l e a d  in  tank  a i r .
Tank Number Absorbance Lead C o n c e n t r a t i o n
Jig/m3
1 0 .051  .3
2 0 .101  5
3 0.01*5* 2
k  0 .1 8 0  9
5 0 .131 6
MERCURY
Mercury
M e r c u r i a l i s m  was an i l l n e s s  known in  medieval  t imes due to  the  
q u i c k s i l v e r  employed by the  g o ld sm i th s  and a l c h e m i s t s .  Mercury was 
one of the  few m e ta l s  w e l l  c h a r a c t e r i z e d  by th e  a l c h e m i s t s ;  i t  was ,  
i n  f a c t ,  r e p r e s e n t a t i v e  o.f m e ta l s  a s  a c l a s s  to  them. U n f o r t u n a t e l y  
nm e r c u r i a l i s m M i s  very  much w i t h  us y e t .  One measure of the  i n ­
d u s t r i a l i z a t i o n  of a n a t io n  i s  the  e x t e n t  of  mercury  p o l l u t i o n  
p r e s e n t  in  i t s  env i ronm ent .
I n d u s t r i a l  a p p l i c a t i o n s  such  as the  mercury b o i l e r s  and c a t a l y l i c  
p r o c e s s e s  i n c r e a s e  the  p o s s i b i l i t i e s  of the  a c c i d e n t a l  d i s c h a rg e  o f  
mercury or  i t s  s a l t s  i n t o  our  s t ream s  or  th e  a tm osphere .  The l a r g e  
expans ion  in  the  use o f  o r g a n ic  m e r c u r i a l s  f o r  a g r i c u l t u r a l  and 
commercial  pu rposes  such as  f u n g i c i d e s ,  b a c t e r i o c i d e s  and b a c t e -  
r i o s t a t s ,  seed d r e s s i n g s  e t c , , . h a s  markedly in c r e a s e d  th e  danger  of  
mercury p o i s o n in g  n o t  only  in  i n d u s t r i a l ,  bu t  a l s o  in  the  suburban 
and r u r a l  a r e a s .
I t  i s  n o t  o f t e n  r e a l i z e d  t h a t  mercury has  a d e f i n i t e ,  m easurab le  
vapor  p r e s s u r e  a t  ambient t e m p e r a t u r e s .  At t h i r t y  deg rees  c e n t i g r a d e  
mercury has  a vapor p r e s s u r e  o f  0 .0029  m i l l i m e t e r s  of  mercury ; s u f ­
f i c i e n t  to  y i e l d  a t h e o r e t i c a l  maximum c o n c e n t r a t i o n  o f  4 .1  p a r t s  
p e r  m i l l i o n .  Mercury compounds a r e  q u i t e  e a s i l y  r e d u c e d .  These 
compounds a r e  q u i t e  p r e v a l e n t  i n  our  environment  and an in s t r u m e n t  
c a p a b le  o f  th e  co n t in u o u s  m o n i to r in g  of  t h e  a tm osphere  f o r  a l l  
m e rc u r i c  compounds i s  bad ly  needed ,
M e r c u r i a l i s m  was p r e v a l e n t  among f u r r i e r s  and f e l t e r s  ab o u t  the  
middle  o f  the  s e v e n te e n th  c e n t u r y .  In  France  th e  m a n u fa c tu r e r s  o f
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f e l t  h a t s  used  ’’s e c r e t  f o r m u la e ” which  c o n t a i n e d  m e r c u r i c  n i t r a t e  
f o r  t h e  " c a r r o t t i n g ” o f  f u r s .  As a b a s i c  m e t a l l i c  p o l l u t a n t ,  
mercury  h a s  been  overshadow ed ,  i n  the  p a s t ,  by o t h e r  c o n s t i t u e n t s  
such  a s  l e a d .  In  more r e c e n t  months the  h e i g h t e n i n g  o f  th e  p u b l i c  
c o n c e rn  h a s  been , ,  a p t l y ,  m e r c u r i a l .
E l e m e n t a l  mercury  o r  m ercu ry  compound d u s t  i s  r e a d i l y  a bso rbed  
v i a  t h e  r e s p i r a t o r y  t r a c t ,  i n t a c t  s k i n ,  o r  t h e  g a s t r o i n t e s t i n a l  
t r a c t ,  a l t h o u g h  o c c a s i o n a l  sw a l low ing  o f  m e t a l l i c  mercury  i s  w i t h ­
o u t  harm (M?)- S p i l l e d  and h e a t e d  e l e m e n t a l  m ercury  i s  p a r t i c u l a r l y  
h a z a r d o u s .  S o l u b l e  mercury  s a l t s  have  c o r r o s i v e  e f f e c t s  on t h e  s k i n  
and mucous membranes, . I n  s e v e r e  c a s e s ,  n a u s e a ,  v o m i t i n g ,  abdomina l  
p a i n ,  k i d n e y  damage and even d e a th  can  r e s u l t  from mercury  p o i s o n i n g .  
C hron ic  e f f e c t s  a r e : ,  i n f l a m a t i o n  o f  the  mouth and gums, e x c e s s i v e  
s a l i v a t i o n , ,  m usc le  t r e m o r s , j e r k y  g a i t ,  . p e r s o n a l i t y  changes. ,  d e ­
p r e s s i o n ,  i r r i t a b i l i t y ,  and n e r v o u s n e s s .  Many o f  t h e  l a t t e r  
symptoms can  be found i n  t e r m i n a l  l e v e l  g r a d u a t e  s t u d e n t s .  R ec e n t  
s t u d i e s  o f  t h e  m ercury  p o l l u t i o n  o f  our  w a t e r s  have  s u g g e s te d  t h a t  
many d i s e a s e s  p r e v i o u s l y  a t t r i b u t e d  t o  s e n i l i t y  a r e  a c t u a l l y  c a s e s  
o f  c h r o n i c  m e r c u r i a l  p o i s o n i n g .
M er cu ry ,  m e rc u ro u s ,  and m e r c u r i c  compounds have  lo n g  been  used  
f o r  t o p i c a l  and o r a l  t r e a t m e n t  o f  v a r i o u s  f u n g i ,  s k i n  l e s i o n s  and 
v e n e r e a l  d i s e a s e s .  One m igh t  wonder i f  t h e  c u r e  i s  n o t  more dan ­
ge rous  t h a n  t h e  d i s e a s e .
M ercury  h a s  been  i n v e s t i g a t e d  by t h e  I n t e r n a t i o n a l  Union 
A g a i n s t  C ancer '  f o r  c a r c i n o g e n i c  p r o p e r t i e s  b u t  t h e  r e s u l t s  were  
" d i f f i c u l t  t o  i n t e r p r e t ” (5 0 ) .
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Many o f  the  i n d u s t r i a l  and a tm o s p h e r i c  p o l l u t i o n  a n a l y s t s  have  
b e en  aware  o f  m e r c u r y ' s  p r e s e n c e  f o r  some t im e .  In  I 96U, a R u s s i a n  
the rm om ete r  p l a n t  was e m i t t i n g  e i g h t  k i l o g r a m s  o f  mercury  i n t o  t h e  
a tm o s p h e re  a n n u a l l y .  The f a c t o r y  r e p o r t e d  a tm o s p h e r i c  m ercury  
c o n c e n t r a t i o n  o f  0 . 0 1 7  m i l l i g r a m s  p e r  c u b ic  m e te r  (5 1 ) .  The con ­
c e n t r a t i o n s  o f  m ercu ry  i n  t h e  a tm osphere  l e d  t o  a c c u m u la t io n  i n  t h e  
s o i l  ( 9 . 6  - 2 6 .il m icrograms p e r  gram) i n  t h e  t r e e s  and g r a s s  ( 0 . 1  
mic rogram s  p e r  s q u a r e  c e n t i m e t e r )  and i n  t h e  b r i c k s  o f  th e  main 
b u i l d i n g  (19*2 -  100  micrograms p e r  gram).
A s u rv e y  o f  d e n t a l  o f f i c e s  r e v e a l e d  a t o t a l  mercury  c o n c e n t r a ­
t i o n  e x c e e d i n g  one hundred  micrograms p e r  c u b i c  m e te r  i n  f o u r t e e n  
p e r  c e n t  o f  th e  o p e r a t i n g  rooms s u rv e y e d .  Mercury  c o n c e n t r a t i o n s  
i n  t h e  u r i n e  o f  d e n t i s t s  were be tween 30 and I 55 micrograms p e r  
l i t e r  w h i l e  t h e  c o n c e n t r a t i o n  i n  t h e  u r i n e  o f  unexposed s u b j e c t s  
was l e s s  t h a n  f i v e  mic rograms p e r  l i t e r ;  t h e r e  was a d e f i n i t e  
c o r r e l a t i o n  be tween t h e  c o n c e n t r a t i o n s  o f  mercury  i n  t h e  u r i n e  and 
i n  t h e  a tm o sp h ere  ( 5 2 ) .
M ercury  i n  t h e  c o a l  o f  t h e  U kra ine  i s  found a lm o s t  e n t i r e l y  a s  
t h e  o r g a n i c  compound. The l e v e l s  of m ercury  i n  c o a l s  o f  mercury  o r e  
d e p o s i t s  d id  n o t  s u g g e s t  a c c u m u la t i o n  o f  m e rc u ry ,b y  l e a c h i n g  from 
t h e s e  d e p o s i t s ,  no w a t e r  s o l u b l e  mercury  compounds were  fo u n d .  T h i s  
s u b s t a n t i a t e d  t h e  t h e o r y  o f  b i o g e n i c  a c c u m u la t io n  o f  mercury  i n  
o r g a n i c  s u b s t a n c e s  and  t h e  c o a l i f i c a t i o n  t h e r e o f  (53)*
Mercury  h a s  been  found t o  s u p p re s s  enzyme a c t i v i t y  i n  t h e  b lood  
o f  w o r k e r s  i n  p l a n t s  p r o d u c in g  c h l o r i n e  from mercury  c e l l s  (5*0.
The c h l o r i n e  may h a v e  been  b e n e f i c i a l ,  how ever ;  mice and r a t s  e x ­
posed  t o  mercury  v a p o r  a lo n e  a b so rb ed  more m ercury  than  t h o s e
exposed  to  the  m e ta l  i n  t h e  presenc.e of  c h l o r i n e  g a s .  Severe  
n e u r o l o g i c a l  symptoms were observed  in  the  an im a ls  exposed to  
mercury a l o n e ,  and mild g a s t r i c  d i s o r d e r s  were  seen  in  an im a ls  e x ­
posed to  mercury  and c h l o r i n e .  Mercury vapor c o n c e n t r a t i o n  i n  the  
a i r  d e c rea sed  i n  t h e  p re sen ce  o f  c h l o r i n e  because  of the  fo rm a t io n  
o f  f i n e  p a r t i c l e s  o f  mercurous c h l o r i d e  (55)*
Dimethyl mercury has been  found in  eg g s ,  f i s h ,  m eats ,  and 
s t r e am s  r e c e i v i n g  i n d u s t r i a l  w a s te s  (5 6 ).  The l e v e l  o f  mercury 
i n  eggs was r ed u ced  by bann ing  the  use  o f  d im e th y l  mercury 
on s e e d s ,  bu t  mercury  in  f i s l i  meal fed to  the  hens  s t i l l  po isoned  
eggs (57)* The main types  o f  m e r c u r i a l  i n d u s t r i a l  d i s c h a r g e s  con­
s i s t  o f  m e t a l l i c  mercury ,  m e rc u r ic  i o n s ,  phenyl mercury and methyl 
mercury  io n s .  When m e t a l l i c  mercury i s  c o n v e r ted  to  mercury ( l . l )  
i n  o r g a n i c  mud i t  becomes ve ry  f i r m ly  bound. B i o l o g i c a l  p r o c e s s e s  
of  m e t h y l a t i o n  c o n v e r t  mercury ( i l )  to d im e thy l  mercury ,  b u t  r e ­
moval of  mercury from bottom sed im ents  may ta k e  te n  to  one hundred 
y e a r s .  The g r e a t  conce rn  ove r  the  m e rc u ra t io n  o f  our  w a te r  ways has  
n o t  come one i n s t a n t  too soon- the  r e v e r s a l  of  t h e se  e f f e c t s  w i l l  
be many y e a r s  in  t h e  p ro c e s s  ( 5 8 ) .  The removal o f  mercury from the  
bo t tom  o f  our  r i v e r s  must: b e g i n  a t  once.  The b i o l o g i c a l  h a l f -  
l i f e  o f  d im e thy lm ercury  i s  around JO d ays .  N in e ty  p e r  c e n t  o f  
i n g e s t e d  dime thy  lmercur.y i s  abso rbed  by the  body; t h e r e  i s  a danger 
o f  c u m u la t iv e  m e r c u r i c  p o i s o n i n g  (59)*
Mercury h a s  been found i n  the  a r c t i c  w a s t e s  (6 0 ) ,  r i c e  of 
J apan  ( 6 l ) ,  a p p le s  o f  the  U n i ted  S t a t e s  (6S) ,  c o a l  t a r s  o f  R u ss ia  
( 6 3 ) ,  and n a t u r a l l y  the  w a t e r s  o f  the  Uni ted  S t a t e s  (6*f),
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• C o l l e c t i o n  o f  a tm o sp h er i c  mercury has  been e f f e c t e d  by 
p y r o l u s i t e  w i th  e i g h t y - f i v e  pe r  c e n t  maganese d io x id e  ( 5 1 ) ,  magnesum 
s u l f a t e  and p o ta ss iu m  io d id e  (6 5 ) ,  f i l t e r  paper  c o a te d  w i th  
copper  i o d i d e  (6 6 ) ,  wet im pingers  (6 7 ) ,  b u b b le r s  (*i-6), n i t r i c  a c id  
and f i l t e r  papers  (68). .
Mercury  has  been ana lyzed  by th e  r i n g  oven te ch n iq u e  (6 8 ) ,  by 
a tom ic  f l u o r e s c e n c e  w i th  e l e c t r o d e l e s s  d i s c h a r g e  tubes  (6 9 )> by neu ­
t r o n  a c t i v a t i o n  a n a l y s i s  (7 0 ),- s p e c t r o p h o t o m e t r i c a l l y  w i th  Rodamine B 
( 7 1 ) ,  by d i r e c t  atomic  a b s o r p t i o n  (7 2 , 73)> i n d i r e c t l y  by atomic 
a b s o r p t i o n  u s i n g  z in c  (7*0, by spo t ,  t e s t s  ( 7 5 ) ,  e l e c t r o c h e m i c a l l y  
(7 6 ) ,  by d i t h i z o n e  ( 7 7 ) ,  and by x - r a y  f l u o r e s c e n c e  (7 8 ).
None o f  the  above t e c h n i q u e s ,  however,  a r e  a b l e  to  perform the  
d i r e c t  d e t e r m i n a t i o n  o f  mercury  and i t s  s a l t s  i n  th e  a tm osphere .
Mercury Lamp
Mercury  has  two w ave leng ths  a t .  which a b s o r p t i o n  has  been s e e n ;  
18H9&, and 2537S (1 0 ) .  The 18*+-9& was s i t u a t e d  in  th e  vacuum u l t r a ­
v i o l e t  r e g i o n  o f  the  spec t rum  and was beyond t h e  ran g e  f o r  
e f f i c i e n t  d e t e c t i o n  w i th  t h e  1P28 p h o t o m u l t i p l i e r .  Although 
t h i s  l i n e  h a s  a g r e a t e r  s e n s i t i v i t y  than  the  2537^  l i n e ,  the  s h o r t e r  
w ave leng th  r a d i a t i o n  was n o t  employed in  t h i s  i n v e s t i g a t i o n .
The f low sys tem which was c o n s t r u c t e d  to  su p p ly  the  demountable  
h o l low  c a th o d e  had a mercury f i l l e d  McCloud gauge f o r  m on i to r in g  th e  
l a m p 's  f i l l e r  gas p re s su re . .  Mercury  lias an a p p r e c i a b l e  vapor 
p r e s s u r e  a t  room te m p e ra tu re  and  t h e r e  was s u f f i c i e n t  mercury vapor  • 
i n  the  sy s te m  to  p ro v id e  r e s o n a n t  r a d i a t i o n .  The expanded spec trum
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o f  the  h o l l o w  c a th o d e  i n  t h e  2500$' r e g i o n  i s  shown i n , F i g u r e  
5 0 *, how ever ,  th e  h ig h  v o l t a g e  a c r o s s  t h e  p h o t o m u l t i p l i e r  and l e v e l  
o f  a m p l i f i c a t i o n  n e c e s s a r y  f o r  f u l l  s c a l e  d e f l e c t i o n  in t r o d u c e d  h ig h  
n o i s e  l e v e l  and i n s t a b i l i t y .
I n  an e f f o r t  t o  g a i n  in c r e a s e d  i n t e n s i t y ,  a new ca thode  w hich  
c o n t a i n e d  m ercu ry  was f a b r i c a t e d  as  shown i n  F i g u r e  $1.  E l e m e n ta l  
m ercu ry ,  m e r c u r i c  s u l f a t e  and powdered g r a p h i t e  were  ground to  a 
p a s t e  in  a m or to r  and pes t le* ,  the  p a s t e  was packed i n t o  one o f  t h e  
s t a i n l e s s  s t e e l  c a th o d e  e lem en ts  p r e v i o u s l y  d e s c r i b e d ,  and a one 
e i g h t h  in c h  h o l e  was fo rm ed  i n  th e  c e n t e r  o f  the  e l e m e n t .  The lamp 
was r e a s s e m b l e d  and a l l o w e d  t o  o u tg a s  o v e r n i g h t ,  d i s c h a r g e  was i n i t i ­
a t e d  and t h e  spec t rum  r e c o r d e d .  The sp ec t ru m  of  th e  2500S r e g i o n  
( F i g .  5 2 ) was. e s s e n t i a l l y  t h e  same as  p r e v i o u s l y  shown. The i n ­
c r e a s e d  e m i s s i o n  i n t e n s i t y  w a s - d e f i n i t e l y  o b s e r v e d ,  b u t  i n t e r m i t ­
t e n t  a r c i n g  between th e  e l e c t r o d e s  w hich  was p r e v a l e n t  a t  c u r r e n t s  
above to o  m i l l i a m p e r e s , caused  i n t o l e r a b l e  i n s t a b i l i t y .  T h i s  c a t h o d e  
was u n s u i t a b l e  and t h e r e f o r e  was d i s c a r d e d .
The s p e c t r a l  l i n e s  o f  many o f  t h e  more v o l a t i l e  m e ta l s  a r e  
e m i t t e d  by a r c  d i s c h a r g e  lamps s u p p l i e d  by a p p r o p r i a t e  t r a n s ­
formers.  A mercury  lamp o f  th is ,  t y p e ,  o f t e n  used i n  c a l i b r a t i n g  
monochromate rs ,  was s e c u r e d  and used a s  a s o u rce  f o r  the  d e t e r m i n a ­
t i o n  o f  m e r c u r y .  The sp ec t ru m  of t h e  lamp i s  i l l u s t r a t e d  i n  F i g u r e  
5 3 .  The l e n g t h  of  the  a b s o r p t i o n  tu b e  h a s  a lways  p r e s e n t e d  a 
p roblem i n  te rm s  o f  s o u r c e  i n t e n s i t y .  The 2537^ mercury  
l i n e  i s  t h e  most i n t e n s e  l i n e  i n  the  spectrum* the  i n t e n s i t y  was 









FIGURE 50. SPECTRUM OF THE LEAD HOLLOW CATHODE, 2537ft REGION;








lamp c u r r e n t  = 25 ma 
high v o l t a g e  = 780 v 
























FIGURE 52. SPECTRUM OF THE MERCURY HOLLOW CATHODE
lamp c u r r e n t  = 5 ma 
h igh  v o l t a g e  ~ 560 v 
g a i n  = .530
WAVELENGTH
1140
FIGURE 53- SPECTRUM OF TllE CALIBRATING PEN LAMP; 200g£
h ig h  v o l t a g e  = 480 v 
























which was c o n s i s t e n t  w i t h  h i g h - s i g n a l - t o - n o i s e  r a t i o  and good s t a ­
b i l i t y .  O th e r  major l i n e s  which were  a t t r i b u t e d  t o  e l e m e n ta l  mercury 
a r e  3128ft, 3 l3 l f t ,  3650ft ,  ^ 6 f t ,  and b 358ft; the  2955ft l i n e  a t t r i b u t e d  
t o  mercury ( i )  i s  a l s o  see n ,  The o t h e r  mercury  l i n e s  cou ld  n o t  be 
s ee n  a t  t h i s  l e v e l  o f  a m p l i f i c a t i o n .
An ex p an s io n  of  t h e  253?ft r e g i o n  i s  shown in  F ig u r e  5^> the  
l i n e  e x h i b i t e d  a h a l f  h e i g h t  \? id th  o f  1 .8 f t ,  e x a c t l y  e q u a l  to  the  
r e s o l u t i o n  o f  the  monochromator.  None o f  the  lower i n t e n s i t y  l i n e s  
a r e  a p p a r e n t  a t  t h i s  l e v e l  of  a m p l i f i c a t i o n . .  The same r e g i o n  shows, 
a t  a much h i g h e r  l e v e l  o f  a m p l i f i c a t i o n , ,  th e  n ea rby  l i n e  a t  2528ft 
l i n e  (F ig .  55 )-  Th is  2528ft io n  l i n e  was n o t  absorbed  by e l e m e n ta l  
mercury ,  and t h i s  l i n e  was used i n  the  i n v e s t i g a t i o n  o f  m o lecu la r  
a b s o r p t i o n .  This  l i n e  was a l s o  used  to  co n f i rm  a tomic  a b s o r p t i o n  by 
e l e m e n ta l  mercury .
The e x c e l l e n t  s t a b i l i t y  o f  t h e  lamp i s  e x h i b i t e d  by F ig u r e  56 
(Table  28) which shows the  i n t e n s i t y  r e c o rd ed  by th e  lamp ove r  a one 
hundred  m inu te  p e r io d  a f t e r  a t h i r t y  minute  warm up. This  e x c e l l e n t  
s t a b i l i t y  was one o f  t h e  main r e a s o n s  f o r  th e  use  of  t h i s  lamp.
O p e r a t io n  o f  th e  In s t r u m e n t  
E i g h t  3 /16  inch  c a rb o n  r o d s ,  f i v e  in ch es  i n  l e n g t h  were  p laced  
w i t h i n  t h e  c o i l  o f  t h e  a t o m i z e r .  The t a n k  c i r c u i t  was then  tuned  
f o r  arnximum power t r a n s f e r  t h r o u g h o u t  th e  power r a n g e  of  t h e  gen­
e r a t o r .  The r e g u l a t o r  on the  a i r  supp ly  t a n k  was a d j u s t e d  to  
a p p r o x im a te ly  too p . s . i . g .  and th e  a c t u a l  f low r a t e  was c o n t r o l l e d  
by th e  r o t a m e t e r .  M e ta l s  have  been  found p r e v i o u s l y  i n  a i r  from a 







FIGURE 54. EXPANDED SPECTRUM OF THE CALIBRATING PEN LAMP
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FIGURE 5 5 .  EXPANDED SPECTRUM OF THE MERCURY CALIBRATING PEN
LAMP, SHOWING 2528ft LINE ADJACENT TO THE 2537A LINE
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FIGURE 56 . TIIE INTENSITY VERSUS TIME FOR THE 2537^ EINE OF
THE MERCURY SOURCE
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TABLE 28. Intensity of the mercury lamp versus time. .
Time--Minutes Intensity Units
o 9 8 .8
10 9 8 .8
20 9 8 .7
30 9 8 .8
bO 9 8 .7
50 9 8 .9
60 9 8 .9
70 9 8 .0
80 9 8 .O
90 9 8 .0
100 * 9 8 .0
ll*6
l e f t  o n - s t r e a m  as  a p r e c a u t i o n a r y  measure .
The i n i t i a l  r u n s  w i th  the  i n s t r u m e n t  showed l i t t l e  mercury  p r e ­
s e n t  on t h e  ca rbon  r o d s .  A t y p i c a l  run  (F ig .  57 )  showed a sharp  
su rg e  o f  the  s i g n a l  when the  a i r  f low was i n i t i a t e d ,  which then 
q u i c k l y  dropped to  z e r o  and s t a y e d  t h e r e .  A s i m i l a r  r u n  a t  the  
nearby  2528& l i n e ,  a l s o  i l l u s t r a t e d  i n  F ig u r e  57 > showed no such 
su rg e .  These  d a t a  seem to  i n d i c a t e  mercury on t h e  " s p e c t r o g r a p h i -  
c a l l y  p u re"  carbon  r o d s .  These ru n s  were made w i t h  a c h a r c o a l  
s c r u b b e r  i n  the  a i r s t r e a m ,  the mercury was presumed to  o r i g i n a t e  
from th e  carbon  r o d s , ,  th e m se lv e s .
The p l a t e s  s h o t  p r e v i o u s l y  when a t t e m p t i n g  to  de te rm in e  l e a d ,  
were e x am in ed - fo r  any of  the  mercury  l i n e s - - i n  p a r t i c u l a r  the  2537^ 
l i n e  was so u g h t .  None were found ,  b u t  d i r e c t  compar ison  was deemed 
n e c e s s a r y  f o r  a c o n c l u s i v e  d e t e r m i n a t i o n .  A c c o r d i n g ly ,  the  two 
mete r  L i t ro w  mount, Bausch and Lomb s p e c t r o g r a p h  was a g a i n  used t o  
expose  Kodak f o u r  by te n  inch g l a s s  p l a t e s  coa ted  w i t h  type  lOUf 
e m u ls io n .  The cup o f  th e  lower e l e c t r o d e  was f i l l e d  w i t h  a very  
sm al l  amount o f  e l e m e n ta l  mercury and d i s c h a r g e  was i n i t i a t e d .  The 
e l e c t r o d e s  were r e p l a c e d  w i th  t h e  carbon rods  on even e x p o su r e s .
On a l t e r n a t e  odd e x p o s u r e s ,  t h e  lower e l e c t r o d e  cup was f i l l e d  w i t h  
m e rc u r ic  c h l o r i d e .  The major l i n e s  were i d e n t i f i e d  i n  the  s t a n d a rd  
s p e c t r a ,  b u t  none were found i n  the  e m is s io n  s p e c t r a  o f  the  ca rbon  
r o d s .  T h i s  i s  but.  a n o t h e r  d e m o n s t r a t io n  o f  the  s e n s i t i v i t y  of th e  
i n s t r u m e n t .
The mercury  surge,  was o f  minimal d u r a t i o n ,  and o n ly  o c cu r red  
when a i r  flow was i n i t i a t e d .  A p r e - b u r n  p e r i o d ' f o r  t h e  ca rbon  r o d s
l k r(







































was n o t  deemed n e c e s s a r y  a t  t h i s  t im e .
O p e ra t in g  Pa ram e te r s  o f  the  In s t ru m e n t
The fo l l o w i n g  in s t r u m e n t a l  p a ra m e te r s  were op t im ized  f o r  the  
d e t e r m i n a t i o n  of  mercury:
a )  a n a l y t i c a l  waveleng th
b) c o n f i r m a t i o n  o f  atomic  a b s o r p t i o n
c )  r a d i o  f r eq u en cy  power d e l i v e r e d  to  the  a to m iz e r
d)  t e m p e ra tu re  of  the  "T" p i e c e
e )  f low r a t e  of  th e  sampl ing  sys tem.
Each o f  the  above p a ram e te r s  a r e  i n t e r d e p e n d e n t ;  each has  an 
optimum v a lu e  f o r  every  v a lu e  of  a n o t h e r .  As a consequence ,  th e  
optimum v a lu e  f o r  a v a r i a b l e  was c h o se n ,  and th e  optimum of each  of 
th e  p re c e e d in g  p a ra m e te r s  was r e d e t e r m in e d  in  o r d e r  to i n s u r e  
o p t i m i z a t i o n  of  th e  e n t i r e  a p p a r a t u s .  Only t h e  f i n a l  i n v e s t i g a t i o n ,  
w i th  a l l  o t h e r  p a ra m e te r s  o p t im iz e d ,  i s  p r e s e n t e d .
Due to  the  l i m i t a t i o n s  o f  the  monochroma t o r , the  s l i t  w id th  
could n o t  be v a r i e d .  S l i t  w id th  i s  o f  concern  when an a d j a c e n t  
l i n e  i s  n o t  w e l l  r e s o l v e d  from one o f  the  r e s o n a n t  l i n e s .  The non­
a b s o r b in g  l i n e  may---with too vji.de s l i t s — be a l low ed  to f a l l  on th e  
d e t e c t o r .  This  n o n - r e s o n a n t  r a d i a t i o n  w i l l ,  no t  be absorbed by the  
a n a l y t e ,  and w i l l  d e c r e a s e  the  s e n s i t i v i t y  of  t h e  d e t e r m i n a t i o n .  
Although t h e r e  a r e  nearby  l i n e s  i n  t h a  spec.trum, they a re  n o t  
a p p a r e n t  a t  normal o p e r a t i n g  a m p l i f i c a t i o n .  The r e s o l u t i o n  o f  the  
monochromator i s  more than  ad eq u a te  for .  the. p r o c e d u re  in  
q u e s t i o n .
Some of  the  sample f o r  t h e s e  s t u d i e s  was p ro v id ed  by e l e m e n ta l
mercury .  However,  as  t h i s  p ro v id ed  mercury a l r e a d y  i n  the  e lemen­
t a l ,  a to m ic  s t a t e ,  no t r u e  t e s t  of  the  a to m iz in g  p a ram ete r s  could
have  been  e f f e c t e d .  A c c o r d i n g ly ,  o p t i m i z a t i o n  samples were a l s o
\
s u p p l i e d  as  m ercu r ic  c h l o r i d e  by the s o l i d  i n j e c t i o n  f u r n a c e .  The 
c a l i b r a t i o n  of both types  o f  i n j e c t i o n  w i l l  be p r e s e n te d  in  l a t e r  
s e c t i o n s .
A l l  s t u d i e s  were made u s in g  air .  from a compressed a i r  c y l i n d e r .  
Th is  a i r  was passed  th rough  an a c t i v a t e d  c h a r c o a l  s c r u b b e r  as  a 
p r e c a u t i o n a r y  measure b e f o r e  e n t e r i n g  th e  sample i n j e c t i o n  m a n i fo ld .  
T h is  was done to  remove any mercury th a t ,  might be p r e s e n t  i n  the  
compressed a i r  t a n k .  The e f f i c i e n c i e s  of  v a r io u s  s c r u b b in g  a g e n t s  
were s t u d i e d  and w i l l  be p r e s e n t e d  in  a l a t e r  s e c t i o n .  These 
s t u d i e s  c o n f i rm  c h a r c o a l  as a most e f f i c i e n t  a g en t  f o r  the  removal 
of  mercury  from the  a i r s t r e a m .
Choice o f  th e  A n a l y t i c a l  Wavelength
As p r e v i o u s l y  m en t io n ed ,  mercury  has  only  one w e l l  known r e s o ­
n a n c e ’ l i n e  w i t h i n  the  e f f i c i e n t  d e t e c t i o n  range  of  the  1P23 p h o to ­
m u l t i p l i e r ;  2537S .  A s tudy  was done to  con f i rm  th e  r e so n an c e  l i n e  
and j u s t  t o  check the  p o s s i b i l i t y  o f  a b s o r p t i o n  o c c u r r i n g  a t  o t h e r  
mercury l i n e s .
A mercury sample o f  3 0 .0  micrograms per  c u b ic  m ete r  was i n t r o ­
duced i n t o  th e  a i r s t r e a m  v i a  t h e  manifold,  system and the  r e s u l t a n t  
a b s o r p t i o n  was s t u d i e d  a t  v a r i o u s  w a v e le n g th s .  F ig u r e  .58 (Table  2 9 ) 
i l l u s t r a t e s  the  a b s o r p t i o n  observed  a t .  2 5 3 7 3 ^ 50^ ,  ^0^ 5^ ,  *i-357^> 
and 5h60&. The on ly  a b s o r p t i o n  s ig n a l ,  was. observed  a t  the  2537^ 
r e s o n a n c e  l i n e ,  a s  e x p e c t e d .  Th is  l i n e  was th e n  th e  on ly  one used
RF power = 2 .75  kva 
a i r  f low r a t e  = 1 . 0  1 /min 
mercury  cone .  = ?0 ,0  p>g/m3
sample o f f
3 6 5 0  %
k z
sample on
4 0 4 5  A
X,
sample on
4 3 5 ?  A
X 4
5 4 0 0















TABLE 29 . The a b s o r p t i o n  due t o  a 50 .0  |lg/m3 mercury  sample  a t  
v a r io u s  w a v e le n g th s .
Wavelength  - i? Pe r  c e n t  A b s o r p t io n
2557 2k
5650 -0 -
^0if5 - 0 -
*1-357 -0-
5^66 - 0 -
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i n  t h e  f u r t h e r  o p t i m i z a t i o n  s t u d i e s  and th r o u g h o u t  th e  c o u r s e  o f  th e  
m e rc u ry  in  a i r  d e t e r m i n a t i o n .
C o n f i r m a t i o n  o f  Atomic A b s o r p t i o n
The c o n f i r m a t i o n  o f  the  o c c u r r e n c e  o f  a to m ic  a b s o r p t i o n  
c a n  be  o b ta in e d  by any o f  s e v e r a l  methods .  The u s u a l  e v i ­
dence  i s  th e  a b s o r p t i o n  o f  l i g h t  a t  a p a r t i c u l a r  e l e m e n t a l  
w a v e l e n g t h ;  th e  a b s e n c e  o f ,  o r  d im in i s h e d  a b s o r p t i o n  o f  co n t in u o u s  
r a d i a t i o n  a t  the  e l e m e n t a l  w a v e l e n g t h ;  and the  ab se n c e  o f  a b s o r p t i o n  
a t  a n ea rb y  n o n - r e s o n a n t  l i n e .
A b s o r p t io n  o f  t h e  l i n e  r a d i a t i o n  produced  by an e l e m e n t a l  s o u rce  
i s  o n ly  an i n d i c a t i o n  of  th e  o c c u r r e n c e  o f  a b s o r p t i o n  by an a tomic  
s p e c i e s .  A m o l e c u l a r  s p e c i e s  m igh t  be p r e s e n t  whose a b s o r p t i o n  band 
o v e r l a p s  the  e l e m e n t a l  l i n n  s o u r c e .  T h i s  phenomenon h a s  been dem­
o n s t r a t e d  in  p r e v i o u s  s e c t i o n s  and w i l l  be d e m o n s t r a t e d  a g a i n  in 
l a t e r  s e c t i o n s .  I f  a c o n t in u o u s  s o u r c e  i s  employed a t  th e  e l e m e n ta l  
w a v e l e n g t h ,  th e  a b s o r p t i o n  would be  much l e s s .  The r a d i a t i o n  
d i s t r i b u t i o n  o f  a c o n t in u o u s  s o u r c e  c o m p l e t e l y  f i l l s  the  s p e c t r a l  
s l i t  w id th  of  a monochromator.  The n a t u r a l  s p e c t r a l  w i d t h  o f  
a to m ic  a b s o r p t i o n  i s  o n ly  O.OOOli? ( 1 0 ) ,  and th e  normal s p e c t r a l  s l i t  
w i d t h  o f  most monochromators  i s  O.Oli? f o r  t h e  b e s t ,  and 1 o r  gS f o r  
most.  Few monochromators  would be a b l e  to  d e t e c t  the  o c c u r r e n c e  of  
a to m ic  a b s o r p t i o n  from a c o n t i n u o u s  s o u r c e .  Any d i m i n u t i o n  o f  
a b s o r p t i o n  s i g n a l  from t h a t  o b t a i n e d  from th e  l i n e  s o u r c e  g iv e s  
s t r o n g  i n d i c a t i o n  o f  the  o c c u r r e n c e  o f  a tom ic  a b s o r p t i o n ,  b u t  the  
p r e s e n c e  of  any  a b s o r p t i o n  from a c o n t in u o u s  s o u r c e  r e t a i n s  the  
p o s s i b i l i t y  o f  t h e  o c c u r r e n c e  o f  m o le c u la r  a b s o r p t i o n .  Because  o f
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t h e  l i n e  w id th  o£. a to m ic  a b s o r p t i o n ,  r a d i a t i o n  from a nea rby  non­
r e s o n a n t  l i n e  would n o t  be abso rbed  by a n  a tom ic  s p e c i e s .  As most 
m o l e c u l a r  a b s o r p t i o n  bands a r e  s e v e r a l  angs t rom s  i n  w i d t h ,  t h e y  
sh o u ld  a b so r b  e q u a l l y  w e l l  a t  a nearby  l i n e .  The o c c u r r e n c e  o f  a l l  
t h r e e  phenomena i n  t h e  p r o p e r  manner g i v e s  s t r o n g  e v id en c e  f o r  th e  
o c c u r r e n c e  o f  a to m ic  a b s o r p t i o n  by a p a r t i c u l a r  s p e c i e s .
A c c o r d i n g l y ,  t h e  a b s o r p t i o n  o f  a 3 0 .0  M*g/m3 mercury  sample 
a t  t h e  r e s o n a n t  2537$> the  nearby  2528$  i n a c t i v e  l i n e ,  and from a 
h yd rogen  lamp s o u r c e  i s  shown in  F i g u r e  59.  The p r e s e n c e  o f  a b s o r p ­
t i o n  a t  2537$  th e  a b sen ce  a t  2528$ and from th e  c o n t in u o u s
s o u r c e  s t r o n g l y  i n d i c a t e s  t h e  p r e s e n c e  o f  a to m ic  a b s o r p t i o n  by 
m ercu ry .
R ad io  Frequency  Power S t u d i e s  
The t e m p e r a t u r e  o f  the  ca rbon  r o d s  employed f o r  a t o m i z a t i o n  
m arked ly  i n f l u e n c e d  th e  c o m p o s i t io n  o f ‘ the  com bus t ion  p r o d u c t s .  A 
t e m p e r a t u r e  i n  excess -  o f  one thousand d e g r e e s  c e n t i g r a d e  was n e c ­
e s s a r y  f o r  th e  c o m p le te  c o n v e r s i o n  o f  a tm o s p h e r i c  oxygen to  th e  
r e d u c i n g  ca rbon  monoxide.  Lower t e m p e r a t u r e s  r e s u l t e d  in  i n e f f i ­
c i e n t  o p e r a t i o n  o f  t h e  a t o m i z e r .
As ha s  been p r e v i o u s l y  m en t io n ed ,  t h e r e  was no p r a c t i c a l  means 
o f  d i r e c t l y  m o n i t o r i n g  th e  t e m p e r a t u r e  o f  th e  a t o m i z e r  f u r n a c e .  The 
c a r b o n  r o d s  were  b r o u g h t  to  a w h i t e  h e a t ,  which i n d i c a t e d  a t em p e ra ­
t u r e  o f  H 70 to  I 325 d e g r e e s  c e n t i g r a d e .
The r a d i o  f r e q u e n c y  power d e l i v e r e d  to  th e  a t o m i z e r  i s  a p a r t i a l  
f u n c t i o n  o f  t h e  i n t e r n a l  t e m p e r a t u r e .  A v a r i a b l e  t r a n s f o r m e r  i n  the  
r a d i o  f r e q u e n c y  g e n e r a t o r  c o n t r o l s  th e  p l a t e  v o l t a g e  w h ich ,  i n  t u r n ,
15*
FIGURE 59. THE ABSORPTION OF MERCURY FROM THE 253T& LINE,
2S28& LINE AND A CONTINUOUS SOURCE
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g o v e rn s  t h e  r a d i o  f r e q u e n c y  power d e l i v e r e d  to  the  c o i l s  o f  the  
a t o m i z e r .  T h e r e f o r e ,  a s t u d y  o f  t h e  a b s o r p t i o n  a s  a power f u n c t i o n  
was u n d e r t a k e n .
A s t u d y  o f  the  a b s o r p t i o n  s i g n a l  o b t a i n e d  from e l e m e n t a l  mer­
c u r y  would n o t  be a v a l i d  i n v e s t i g a t i o n  o f  the  e f f i c i e n c y  o f  th e  
a t o m i z e r  as  th e  a n a l y t e  i s  a l r e a d y  i n  t h e  z e r o v a l e n t  a to m ic  s t a t e .  
N e v e r t h e l e s s ,  a s tu d y  was made u s in g  a 3 0 .0  micrograms p e r  cub ic  
m e te r  sample  o f  e l e m e n t a l  mercury .  The somewhat s u r p r i s i n g  r e s u l t s  
a r e  d e p i c t e d  in  F ig u r e  60 (Table  3 0 ) .  A t  z e r o  power an a b s o r p t i o n  
s i g n a l  was e x p ec te d  and o b s e r v e d j  how ever ,  when th e  power was 
s u p p l i e d  to  the  a t o m i z a t i o n  f u r n a c e ,  t h e  s i g n a l  i n c r e a s e d  and r e a c h e d  
a maximum a t  t h i r t y  p e r  c e n t  power ( a p p r o x im a te ly  1 . 5  k v a . ) .  Th is  
h a s ,  however ,  a r a t h e r  s im p le  e x p l a n a t i o n ;  th e  c a r b o n  in  th e  a to m i ­
z e r  s e r v e d  as  a t r a p  f o r  some o f  the  mercury  v a p o r .  As th e  power 
s u p p l i e d  t o  the  a to m iz e r  r a i s e d  th e  t e m p e r a t u r e  o f  th e  f u r n a c e ,  t h e  
m ercury  was d r i v e n  o f f  u n t i l  a t e m p e r a t u r e  was r e a ch e d  a t  which a l l  
incoming m ercury  was p a s s e d  th rough  t h e  a t o m i z i n g  f u r n a c e  and i n t o  
t h e  a b s o r p t i o n  tu b e .  An a b s o r p t i o n  r u n  w i t h o u t  c a r b o n  in  th e  a to m i ­
z e r  c o n f i rm ed  t h i s  s u p p o s i t i o n .
I n  o r d e r  to  a c t u a l l y  i n v e s t i g a t e  t h e  a t o m i z a t i o n  f u n c t i o n  o f  
t h e  i n s t r u m e n t ,  a n o t h e r  s t u d y  u s in g  m e r c u r i c  c h l o r i d e  was u n d e r ­
t a k e n .  The s o l i d  i n j e c t i o n  f u r n a c e  was used to  s u p p ly  a sample c o n ­
s i s t i n g  o f  66 micrograms p e r  cub ic  m e te r  o f  mercury  a s  m e rc u r ic  
c h l o r i d e .  The r e s u l t s  o f  t h e  second s t u d y  a r e  shown i n  F ig u r e  61 
(T ab le  31)* A b s o r p t i o n  rem ained  a t  z e r o  w h i l e  no power was s u p p l i e d  










FIGURE 6 0 . THE ABSORPTION SIGNAL AS A FUNCTION OF RADIO
FREQUENCY POWER - I
x = 2557X
a i r  f low r a t e  = 1 .0  1 /min 
mercury sample = l lg° 
mercury conc.  = 5 0 .0  U-g/m'
30
2 0
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TABLE ?0 ■ A s tu d y  of  the  a b s o r p t i o n  by e l e m e n t a l  m ercury  as  a 
f u n c t i o n  o f  rad io ,  f r e q u e n c y  power.
BP Power - kva P e r  c e n t  A b s o r p t i o n














FIGURE 6 1 .  THE ABSORPTION SIGNAL AS A FUNCTION OF RADIO -
FREQUENCY POWER -  I I
X -  2537^
a i r  f low r a t e  = 1 .0  1 /min 
m e rc u ry  sample = HgCl2 
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TABLE 5 1 . A s t u d y  o f  the  a b s o r p t i o n  by m e r c u r i c  c h l o r i d e  a s  a 
f u n c t i o n  o f  r a d i o  f r eq u e n cy  power.










s u p p l i e d  t o  t h e  c o i l s  o f  th e  a t o m i z e r .  The s i g n a l  t h e n  l e v e l e d  o f f  
and showed l i t t l e  f u r t h e r  v a r i a t i o n  w i t h  r e s p e c t  t o  r a d i o  f r e ­
quency  power.
The o b s e r v ed  p l a t e a u  co u ld  be a t t r i b u t e d  t o  any  o r  a l l  o f  
s e v e r a l  phenomena. E l e c t r i c a l  s a t u r a t i o n  m igh t  have  been  p r e s e n t  
w i t h i n  t h e  g e n e r a t o r ;  however ,  t h e  p r e v i o u s  i n v e s t i g a t i o n  seems to  
c o n t r a d i c t  t h i s  s u p p o s i t i o n .  The e f f e c t i v e  c o u p l i n g  o f  t h e  g e n e r ­
a t o r  w i t h  t h e  c a rb o n  ro d s  w i t h i n  t h e  a to m iz e r  m ig h t  have  been  a f ­
f e c t e d  by t h e  change  i n  r e s i s t a n c e  o f  t h e  ro d s  w i t h  t e m p e r a t u r e , 
p r e v e n t i n g  t h e  maximum t r a n s f e r  o f  e n e r g y .  A n o th e r  p o s s i b i l i t y  was 
t h a t  t h e  a t o m i z e r  r e a c h e d  i t s  maximum e f f i c i e n c y  f o r  t h i s  e l em en t  
a t  f i f t y  pe r  c e n t  d e l i v e r e d  power ( 2 .5  k v a . ) .  F u r t h e r  i n c r e a s e s  i n  
power o r  t e m p e r a t u r e  waul'd have  no  e f f e c t  upon t h e  e f f i c i e n c y  o f  
t h e  a t o m i z a t i o n  p r o c e s s .
A power s e t t i n g  o f  f i f t y - f i v e  p e r  c e n t  on t h e  p l a t e  v o l t a g e  
t r a n s f o r m e r  ( a p p r o x i m a t e l y  2 ,75  k v a . )  was chosen  a s  t h e  optimum 
v a l u e  f o r  maximum a t o m i z a t i o n  e f f i c i e n c y  and minimum g e n e r a t o r  l o a d .
T e m p e ra tu re  o f  t h e  A b s o r p t i o n  Tube
The l o n g  a b s o r p t i o n  tu b e  m a i n t a i n e d  th e  n e u t r a l  atoms i n  t h e  
l i g h t  p a t h  a n d ,  t h e r e f o r e ,  i n c r e a s e d  th e  o b se rv ed  a b s o r p t i o n  s i g ­
n a l .  H e a t i n g  t h e  a b s o r p t i o n  tube  ex ten d e d  t h e  mean f r e e  l i f e t i m e  
o f  a n  a tom by p r e v e n t i n g  i t s  a d s o r p t i o n  o r  c o n d e n s a t i o n  upon t h e  
w a l l s  o f  t h e  a p p a r a t u s , .  A t  e l e v a t e d  t e m p e r a t u r e s  th e  e f f l u e n t  of  
t h e  a t o m i z e r  t en d ed  t o  s t a b i l i z e  t h e  f r e e  a tom and t o  p r e v e n t  
o x i d a t i o n .
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The heavy  d u ty  h e a t e r s  used  i n  c o n s t r u c t i o n  o f  t h e  a b s o r p t i o n  
a p p a r a t u s  w ere  r a t e d  to  a t t a i n  a maximum t e m p e r a t u r e  o f  t h i r t e e n  
hundred  d e g r e e s  c e n t i g r a d e .  The t e m p e r a t u r e  o f  the  a b s o r p t i o n  tube  
d i d  n o t  m arked ly  a f f e c t  t h e  mercury a b s o r p t i o n  s i g n a l  above fo u r  
hundred  d e g r e e s ,  but.  a b l a c k  c a r b o n - l i k e  s u b s t a n c e  was d e p o s i t e d  on 
t h e  s i d e s  and ends  o f  t h e  a p p a r a t u s  a t  th e  low er  t e m p e r a t u r e s .  
A c c o r d i n g l y ,  t h e  h e a t e r s  were  ru n  a t  maximum r a t e d  v o l t a g e  to  i n s u r e  
t h e  removal o f  t h i s  d e p o s i t .  The maximum t e m p e r a t u r e  a t t a i n e d  w i t h ­
i n  t h e  a b s o r p t i o n  tube  was 1180 d e g re e s  c e n t i g r a d e .  T em pera tu re  was 
measured by a L,.  and N,. p o t e n t i o m e t e r  and a Cliromel-Alumel thermo­
c o u p le  w i t h  a n  i c e - w a t e r  r e f e r e n c e .  No d e g r a d a t i o n  o f  m ercury  ab ­
s o r p t i o n  s i g n a l  was o b s e r v ed  a s  a r e s u l t  o f  t h e  use  o f  t h i s  maximum 
t e m p e r a t u r e .
Flow R a te  o f  the  A i r  S t r eam  
The optimum flow r a t e  o f  the  a i r s t r e a m  i s  governed  by s e v e r a l  
f a c t o r s .  The r a t e ,  m u s t .b e  s low enough t o  a l l o w  com ple te  r e a c t i o n  
between th e  c a rb o n  and t h e  oxygen i n  t h e  a tm o s p h e r e ,  and a l s o  slow 
enough t o  a l l o w  com p le te  r e d u c t i o n  o f  th e  m e r c u r i c  compound. As 
p r e v i o u s l y  m e n t io n e d ,  h ig h  flow r a t e s  may lower  th e  e f f e c t i v e  
o p e r a t i n g  t e m p e r a t u r e  o f  t h e  a to m iz e r  and r e s u l t  i n  i n e f f i c i e n t  a n d /  
o r  in c o m p le te  r e d u c t i o n .  Flow r a t e  must a l s o  be c o n s i d e r e d  w i th  
r e s p e c t  to  t h e  f r e e ,  l i f e t i m e  o f  the  a tom.  Too f a s t  a r a t e  o f  f low 
cou ld  sweep atoms out .  o f  t h e  a b s o r p t i o n  tube  n e e d l e s s l y ,  w h i l e  too  
slow a r a t e  o f  f low co u ld  a l lo w  the  atoms t o  be o x i d i z e d  o r  to  con ­
dense  on t h e  s i d e  o f - ' t h e  t u b e .  The l a t t e r  shou ld  .n o t  be  a p roblem 
c o n s i d e r i n g  t h e  o p e r a t i n g  t e m p e r a t u r e  o f  the  a b s o r p t i o n  t u b e .
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A 50*0 M-g/ni3 mercury  sample  was s u p p l i e d  v i a  th e  i n j e c t i o n  
m a n i f o l d  and t h e  v a r i a t i o n  o f  a b s o r p t i o n  s ig r ih l  was r e c o r d e d  
w i t h  r e s p e c t  to  f low r a t e .  The r e s u l t s  a r e  shown i n  F i g u r e  2 
(Tab le  3 2 ) .  The flow r a t e  was v a r i e d  from 0 , 7 7  to  1*55 l i t e r s  p e r  
m i n u t e ,  and v e r y  l i t t l e  d i f f e r e n c e  in  a b s o r p t i o n  s i g n a l  was ob­
s e r v e d .  T h i s  cou ld  have  been caused  by t h e  u se  o f  an e l e m e n t a l  
m e rcu ry  sam p le ,  th e  r e a c t i o n  r a t e  and r e d u c t i o n  e f f i c i e n c y  o f  t h e  
a t o m i z e r  may n o t  have been o p e r a t i v e .
A c c o r d i n g l y ,  a 66 micrograms pe r  c u b i c  m e te r  sample  o f  mercury  
a s  m e r c u r i c  c h l o r i d e  was s u p p l i e d  by t h e  s o l i d  i n j e c t i o n  f u r n a c e .
The flow r a t e  was a g a i n  v a r i e d  be tween th e  l i m i t s  o f  0 . 7 7  to  1 .3 5  
l i t e r s  p e r  m in u te .  The r e s u l t s  a r e  shown in  F i g u r e  63 (Table  33)*
As in  t h e  f i r s t  c a s e ,  th e  a b s o r p t i o n  s i g n a l  v a r i e s  v e r y  l i t t l e  over  
a. r a t h e r  wide  r a n g e  o f '  f low r a t e s .  The most o p e r a t i v e  f a c t o r  seems 
t o  be  t h e  r a t e  a t  which  th e  mercury  atoms a r e  swept  o u t  o f  the  
a b s o r p t i o n  t u b e .  A l though  th e  a b s o r p t i o n  s i g n a l  depends  ve ry  l i t t l e  
upon  the  f low r a t e ,  b o th  s t u d i e s  seemed t o  i n d i c a t e  maximum a b s o r p ­
t i o n  s i g n a l  a t  1 .0  l i t e r  pe r  m i n u t e ,  and t h i s  v a l u e  was used t h r o u g h ­
o u t  t h e  s t u d y .
C a l i b r a t i o n  o f  th e  I n s t r u m e n t
The p r e l i m i n a r y  c a l i b r a t i o n  o f  t h e  i n s t r u m e n t  was pe r fo rm ed  
w i t h  e l e m e n t a l  m e rcu ry ,  u s i n g  e s s e n t i a l l y  th e  same method used f o r  
t h e  c a l i b r a t i o n  o f  l e a d .  V ary ing  amounts o f  mercury  were  p l a c e d  i n  
p o r c e l a i n  b o a t s  o f  v a r i o u s  s i z e s  and weighed c a r e f u l l y .  The b o a t s  
w e re  s e a l e d  i n s i d e  p o l y e t h y l e n e  tu b e s  and immersed i n  a c o n s t a n t  









FIGURE 6 2 .  THE ABSORPTION SIGNAL AS A FUNCTION OF FLOW RATE - I  
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RF power = 2 ,7 5  ^ va 
mercury  sample  = Hg° 
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TABLE 3 2 . A s t u d y  o f  the  a b s o r p t i o n  s i g n a l  as  a f u n c t i o n  o f  
f low  r a t e .
E l e m e n ta l  Mercury  -  30 .0  [Xg/m3
Flow Meter Flow R a te  Per  c e n t  A b s o r p t i o n
l i t e r s / m i n
10 .0  0 ,7 7  22
1 1 .0  0 .8 7  23
12.0 1 . 00. 24.2
1 3 . 0  1 .1 0  24
1 4 . 0  1 .2 2  22









FIGURE 6 5 . THE ABSORPTION SIGNAL AS A FUNCTION OF FLOW
RATE -  I I
  ......  ■ 1. 1. 1 ■"     " H
X = 2537X
RF power = 2 .75  fcvs 
7 0 -  mercury  sample = HgCl2





TABLE 3 3 . A s tu d y  o f  th e  a b s o r p t i o n  s i g n a l  as  a f u n c t i o n  o f  
f low r a t e .
M ercur ic  C h lo r id e  - 66 pg/m3
Flow M ete r  Flow Rate  P e r  c e n t  A b so r p t io n
l i t e r s / m i n
1 0 .0 0 .7 7 b2
1 1 .0 O..87 bb
1 2 .0 r . o o b$
1 3 . 0 r .10 bb
3A.0 1 .2 2 IfO
I 5 .O 1 .5 5 3b
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compressed a i r  tank  was passed  th rough  the  tubes  f o r  s i x  to e i g h t  
weeks a t  a f low r a t e  o f  1 .0  l i t e r  p e r  m in u te .  'The a i r  f low was 
checked p e r i o d i c a l l y  and d id  n o t  va ry  more than  f i v e  m i l l i l i t e r s  pe r  
minute  d u r in g  the  c o u r se  of  the  c a l i b r a t i o n .
A f t e r  th e  c a l i b r a t i o n  p e r i o d ,  the  b o a t s  were a g a in  weighed and 
th e  r a t e  o f  mercury l o s s  was d e te rm in ed ,  T h i s - r a t e  was used to  • 
c a l c u l a t e  th e  c o n c e n t r a t i o n  o f  mercury l e a v i n g  the  chamber when a i r  
is ;  passed  through th e  system a t  1 , 0  l i t e r  p e r  m inu te .  Tab le  '$k 
shows the  r e s u l t a n t  mercury l o s s  and a i r  c o n c e n t r a t i o n .
The c a l i b r a t i o n  of the  i n s t r u m e n t  p roceeded  in  t h e  fo l lo w in g
L
manner .  One of the  c a l i b r a t i o n  tu b es  was a t t a c h e d  a t  p o r t  2 of
the. i n l e t  m an i fo ld .  A c h a r c o a l  s c r u b b e r  d e s c r i b e d  p r e v i o u s l y  was
* * ♦ 
a t t a c h e d  t o  p o r t  3- The a i t  f low was 1 . 0  l i t e r  per m in u te .  The
a i r .  bypassed  bo th  t h e  i n j e c t i o n  tube  and th e  s c r u b b e r  and fed  
d i r e c t l y  i n t o  the a b s o r p t i o n  tu b e .  The a i r  f low was then  d i v e r t e d  
th rough  t h e  i n j e c t i o n  tube and the  a b s o r p t i o n  was n o te d  a f t e r  a s t e a d y  
v a lu e  had been r e a c h e d .  The a i r s t r e a m  was then  d iv e r t e d ,  to  bypass  
the  i n j e c t i o n  a p p a r a t u s  and the  a b s o r p t i o n  s i g n a l  decayed to  z e r o .
A l t e r n a t i v e l y ,  the  a i r  f low was p a ssed  th rough  b o th  t h e  i n j e c ­
t ion -  tube  and the  a c t i v a t e d  c h a r c o a l  s c r u b b e r .  With t h i s  r o u t i n g ,  
the  s c r u b b e r  was removing a l l  i n j e c t e d  mercury and th e  s i g n a l  r e ­
mained a t  z e r o .  When the  a i r s t r e a m  was d i v e r t e d  t o  bypass  the  
s c r u b b e r ,  t h e  a b s o r p t i o n  r o s e  s low ly  u n t i l  a s t e a d y  v a l u e  was r e a ch e d  
and r e c o r d e d .  The s c r u b b e r  was a g a in  p la ce d  on l i n e  and the  s i g n a l  
im m ed ia te ly  dropped to  z e r o .
A t y p i c a l  r u n  u s i n g  the  i n j e c t i o n  tube  c a l i b r a t e d  a t  30 .0
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TABLE . A c a l i b r a t i o n  o f  e l e m e n ta l  m ercury  i n j e c t i o n .
Tube Number Weight  Loss  C o n c e n t r a t i o n  i n  A i r s t r e a m
.ug /min  o f  1 . 0  l i t e r / m i n
1 0 .0 3 0 3 0 .0
2 0 .05^0 5 ^ . o
3 0 .1 6 1 1 6 1 .
* 0 .1 8 8 188.
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micrograms per  c u b ic  mete r  i s  shown in  F ig u r e  6 k .  An i n i t i a l  peak 
which q u i c k l y  r e t u r n e d  to  zero  was. due t o  mercury accum ula t ion  
w i t h i n  t h e  a b s o r p t i o n  t u b e .  Mercury may have  been s low ly  b a k in g  o f f  
t h e  r.ods or  may have  come from some s o u rce  w i t h i n  t h e  sys tem .  T h is
i n i t i a l  b u r s t  was p r e s e n t  each t ime a i r  flow was i n i t i a t e d ,  b u t  was
v i s i b l e  on ly  a t  t h e  r e so n a n c e  l i n e .
The flow was r o u te d  th rough  the  i n j e c t i o n  tu b e .  A second 
peak o c c u r r e d  which t a p e r e d  t o  a c o n s t a n t  s i g n a l  and i n d i c a t e d  an 
a b s o r p t i o n  of  2k pe r  c e n t  o f  t h e  o r i g i n a l  l i g h t .  Th is  second peak 
was. ta k en  as the  a cc u m u la t io n  o f  mercury w i t h i n  the  tube when no a i r  
was f l o w in g .  The v a lu e  of  2^ per  c e n t  a b s o r p t i o n  was taken  a s  th e  
e q u i l i b r i u m  i n j e c t i o n  r e a d i n g .  The i n j e c t o r  was th e n  bypassed and
the  a b s o r p t i o n  s i g n a l  f e l l  to  z e r o .
The. a l t e r n a t e  method i s  shown in  the  same F i g u r e  6 k .  The 
s c r u b b e r  removed t h e  i n j e c t e d  mercury* no a b s o r p t i o n  was s e e n .
When t h e  s c r u b b e r  was b y p a sse d ,  the  a b s o r p t i o n  r o s e  smoothly  t o  a 
2 4 - per :  c e n t  a b s o r p t i o n  r e a d i n g .  No peak was s ee n  w i th  t h i s  method 
as  a i r .  was c o n s t a n t l y  f lo w in g  th rough  the  i n j e c t i o n  a p p a r a tu s  and 
there :  was no chance  f o r  any vapor b u i l d  up to  o c c u r .  The s c r u b h e r  
was: put: on s t r e a m  and th e  a b s o r p t i o n  s i g n a l  f e l l  q u i c k ly  back to  
z e r o .  Both p r o c e e d u re s  y i e l d e d  e s s e n t i a l l y  the  same a b s o r p t i o n  
r e a d i n g  and b o th  were  used e x t e n s i v e l y  th rough  th e  i n v e s t i g a t i o n .
I i r  o r d e r  to  s e c u r e  c o n f i r m a t o r y  d a t a  and f u r t h e r  c a l i b r a t i o n  
d a t a , ,  t h e  f o l l o w i n g  p ro c e d u re  was a l s o  u n d e r ta k e n .  The i n l e t  mani­
f o l d  was s e t  up as  i n  F i g u r e  6 5 . A i r  was passed  i n t o  the  m an i fo ld  
a t .  5 or: 6  l i t e r s  p e r  m in u te .  A t  p o r t  1 ,  1 . 0  l i t e r  p e r  minute
FIGURE 6*1. A TYPICAL RUN OF MERCURY IN AIR
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was d i r e c t e d  th rough  th e  l a r g e s t  i n j e c t i o n ,  tube  and back i n t o  the  
o r i g i n a l  s t r e a m .  At p o r t  2 ,  a l l  e x c e p t  1 . 0  l i t e r  p e r  m inu te  was 
dumped th rough  the  e x h au s t  sys tem.  A c h a r c o a l  s c r u b b e r  was i n ­
s t a l l e d  a t  p o r t  t h r e e  f o r  i n j e c t i o n  r e a d i n g s .  The r e s u l t a n t  
mercury  c o n c e n t r a t i o n s  were s i x t y - t w o  p o i n t  s i x  or t h i r t y - o n e  p o i n t  
t h r e e  micrograms per c u b ic  m e te r .  These f i g u r e s  were i n c lu d e d  in 
t h e  c a l i b r a t i o n  d a ta  and a r e  shown in  th e  t y p i c a l  c a l i b r a t i o n  runs  
( F i g .  6 6 ) and c a l i b r a t i o n  g raphs  ( F ig .  6 j } and Table  3 5 ) .
As can be see n ,  the  c a l i b r a t i o n  cu rv e  i s  l i n e a r  th ro u g h o u t  the  
r a n g e  i n v e s t i g a t e d .  Although l i n e a r i t y  i s  no t  r e q u i r e d ,  i t  makes 
i n t e r p r e t a t i o n  much e a s i e r .  The a n a l y t i c a l  range c o r r e s p o n d s ,  in  
g e n e r a l ,  to  t h a t  range en co u n te re d  in  a i r  a n a l y s i s .
P r e c i s i o n
An a n a l y t i c a l  method must produce  p r e c i s e  i n f o r m a t i o n  to  be 
u s e f u l ;  t h e  i n f o r m a t io n  must be r e p r o d u c i b l e  as w e l l  as  a c c u r a t e .
The p r e c i s i o n  o f  the  i n s t r u m e n t  f o r  mercury  d e t e r m i n a t i o n s  
i s  shown in  F i g u r e  68 of  t e n  ru n s  on a , JO.O micrograms p e r  cub ic  
m e te r  sample o f  m ercury ,  and ,  s p e c i f i c a l l y ,  t h e  p r e c i s i o n  runs  
f o r  a l l  c a l i b r a t i o n  p o i n t s  a r e  shown i n  Tables  3 6 , 37 > 38, and 39- 
The a c t u a l  i n f o r m a t i o n  was on a l i n e a r  t r a n s m i s s i o n  s c a l e  and 
co u ld  be r e a d  +  0 . 5 $ .  The p r e c i s i o n  o f  the  method i s  much g r e a t e r  
a t  t h e se  l e v e l s  than o t h e r  methods p r e s e n t l y  i n  u s e .
D e t e c t i o n  L i m i t s
The d e t e c t i o n  l i m i t  o f  a p a r t i c u l a r  a n a l y t i c a l  method can be 
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TABLE_J55_. C a lib ra t io n  o f the instrum ent w ith  r e s p e c t  to mercury.
Tube Number Mercury C o n c e n t r a t i o n  Absorbance
in  jig/m3
r  • 5 0 .0  0 .1 2 2
2  5*1.5 0 .2 2 5
3 1 6 1 .0  0 .6 5 2
*1 1 8 8 .0  0 .7 5 0
D i l u t i o n  Runs
CJ 3 1 .5  0 .1 2 3
6 2 .6  0 .2 5 0
I
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t a b l e  06 . A s tu d y  o f  the  p r e c i s i o n  o f  the 
mercury -  50-0 |ig/m3 .
i n j e c t i o n  of  e l e m e n ta l
Run P e r  c en t  A b so r p t io n Absorbance
1 2k 0 .1 2 0
2 25 0 .125
3 25 0 .125
U 2k 0 .1 2 0
5 2k . 5 0 .121
6 2k 0 .1 2 0
7 2k 0 .1 2 0
8 2k 0 .120
9 25 0 .125
10 2k 0 .125
a v g .  = 0 . 1 2 2
a  = 0 . 0 0 5
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TABLE 57. The precision of the injection 
5^.5 M-g/m3 .
of elemental mercury- 
*
Run Per cent Absorption Absorbance
1 hO 0 .2 2 2
2 h i 0 .229
5 h i 0.229
4 ho 0 .222
5 4o 0 .222
6 hi 0.229





a  =  0 . 0 0 5
179
TABLE 58. The precision of the injection of elemental mercury - 
161.0 p,g/m3 .
Run Per cent Absorption Absorbance
1 ' 77 0 .658
2 78 0.639
3 77 O .658
k 77 O .658
5 78 0.659
6 77 O .658
7 77 O .658




cf = 0 . 0 0 9
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TABLE 59. The precision of the injection of elemental mercury - 
1 8 8 .0  p.g/m3 .
Run Per cent Absorption Absorbance
1 ' 82 0 .7 ^ 5
2 82 O.769
3 82 0 .7 ^ 5
83 0 .7 6 9
5 82 0 .7 ^ 5
6 83 0 .7 6 9
7 82 0 .7 ^ 5
8 82 0 .7 ^ 5
9 83 0 .7 6 9
10 82 O .7U5
avg. ~ 0 . 7 5 0
o = 0.009
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y i e l d s  ail a b s o r p t i o n  s i g n a l  o f  one pe r  c e n t .  The f o l l o w i n g  p ro ­
v i s i o n s  were made c o n ce rn in g  th e  manifo ld  system.  A i r  was passed 
i n t o  th e  manifo ld  a t  t w e n t y - f i v e  l i t e r s  p e r  minu te .  As p a s s in g  a i r  
th rough  the  i n j e c t i o n  tube  a t  such h igh  f low  r a t e s  can  s u b s t a n t i a l l y  
change  th e  d i f f u s i o n  c a l i b r a t i o n , o n l y  1 .0  l i t e r  was r o u t e d  through 
the  i n j e c t i o n  a p p a r a t u s  a t  p o r t l .  Th is  s t r e a m  was p a s se d  back 
i n t o  t h e  main a i r  s t r e am ;  th e  mercury c o n c e n t r a t i o n  was now 1 ,2  
micrograms per  c u b ic  m e te r .  The m a j o r i t y  o f  the  a i r s t r e a m  was 
dumped i n t o  the  e x h a u s t  sys tem a t  p o r t  2 and 1 .0  l i t e r  p e r  
minute  c o n t in u ed  th rough  th e  system.  A c h a r c o a l  s c r u b b e r  was p la ce d  
a t  s c r u b  port .  3 f o r  r e g u l a t i n g  the  i n j e c t i o n .
A i r  c o n t a i n i n g  1 . 2  micrograms of  mercury  per c u b i c  meter was 
t h e r e f o r e  passed through th e  system. With  the  s c r u b b e r  a t  p o r t  
t h r e e  on s t r e a m ,  th e  mercury was removed and a zero  a b s o r p t i o n  
s i g n a l  r e s u l t e d .  When the  s c r u b b e r  was bypassed an a b s o r p t i o n  
s i g n a l  o f  one p e r  c e n t  was r e c o r d e d .
A no the r  measure  of the  s e n s i t i v i t y  o f  a method i s  the  s m a l l e s t  
amount o f  a s u b s t a n c e  t h a t  can  be d e t e c t e d .  The volume of  a i r  
obse rved  in  the  a b s o r p t i o n  tube  a t  a n y  one t ime was 180 m i l l i l i ­
t e r s .  I f  the. c o n c e n t r a t i o n  o f  th e  a i r s t r e a m  was 1 . 2  micrograms 
p e r  c u b i c  m e te r ,  the  amount o f  mercury i n  th e  a i r s t r e a m  a t  any one 
t ime was 2 x 10 10  grams. T h i s  can a l s o  be taken  as  t h e  s e n s i t i v i t y  
l i m i t  o f  th e  method.
A nothe r  e x p r e s s i o n  of  c o n c e n t r a t i o n  used in  a i r  p o l l u t i o n  work 
i s  p a r t s  pe r  m i l l i o n .  The d e t e c t i o n  l i m i t  o f  1 .2  micrograms per  
c u b i c  mete r  can  a l s o  be e x p r e s s e d  as  0 . 0001^7 p a r t s  p e r  m i l l i o n  o r
182
0 .1 ^ 7  p a r t s  p e r b i l l i o n .
D e t e r m i n a t i o n  o f  Mercury i n  the  Atmosphere
An i n s t r u m e n t  d e s ig n e d  f o r  t h e  a n a l y s i s  o f  t h e  a tm osphere  mus t ,  
o f  n e c e s s i t y ,  be a b l e  to  d e t e c t  mercury  in  an a i r  sample w i t h  no p r e ­
t r e a t m e n t .  T h e r e f o r e ,  the  a tm osphere  of  the  l a b o r a t o r y  was used as 
an  a n a l y t i c a l  sample  s e v e r a l  t im es  i n  the  c o u r s e  o f  the  i n v e s t i g a ­
t i o n .
A i r  from the  l a b o r a t o r y  was p a s s e d  th rough  the  system by the  
sm a l l  com pre sso r  p r e v i o u s l y  d e s c r i b e d .  The f low was p a sse d  th rough  
th e  sys tem  a t  1 .0  l i t e r  p e r  m in u te ;  a t  p o r t  2 a c h a r c o a l  s c r u b b e r  
was. i n s t a l l e d  to  p r o v i d e  a r e f e r e n c e  sample .  W ith  the  s c r u b b e r  on 
srtream, no a b s o r p t i o n  was o b s e r v e d .  The s c r u b b e r  was bypassed  and 
an. a b s o r p t i o n  s i g n a l  was observed  which  v a lu e  depended upon th e  
amount o f  mercury  in  t h e  l a b o r a t o r y  a tm o sp h e re .  A t y p i c a l  r u n  i s  
shown i n  F i g u r e  69 > th e  r e s u l t s  o f  s e v e r a l  d e t e r m i n a t i o n s  a r e  g iv en  
i h . T a b l e  HO.
The v a lu e s  o b t a i n e d  a r e  s l i g h t l y  h i g h e r  t h a n  those  o b t a i n e d  f o r  
normal a tm o s p h e r i c  c o n d i t i o n s ,  b u t  a r e  w e l l  w i t h i n  the  r a n g e  found 
i n ' a r e a s  where  m ercury  i s  commonly u s e d .  I t  i s  t h e r e f o r e  assumed 
th a t ,  the  mercury  in  t h e  l a b o r a t o r y  a tm osphere  w a s ,  in  the  m ain ,  due 
to: m ercury  used  i n  sample  p r e p a r a t i o n  and e l s e w h e r e  in  t h e  l a b o r a t o r y .
I n t e r f e r e n c e s
A l though  a tom ic  a b s o r p t i o n  a s  an  a n a l y t i c a l  t e ch n iq u e  i s  r e l a ­
t i v e l y  f r e e  o f  i n t e r f e r e n c e s ,  t h o s e  which m ig h t  be p r e s e n t  must  be 
i n v e s t i g a t e d .  The i n t e r f e r e n c e s  p e c u l i a r  to  f l a m e - t y p e  a t o m i z e r s
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TABLE J(0. The d e t e r m i n a t i o n  o f  mercury  in  th e  l a b o r a t o r y  
a tm osphere .
Date  Absorbance Mercury C o n c e n t r a t i o n
pg/m3
2-11-69 0.019 l»-.7
2- 2.0-69  0.015  5.2
5- 5-69 . .007 1-9
5-19-69  0.012 5 .0
185
were a l l e v i a t e d  by in s t r u m e n t a l  d e s ig n  and t h e  u se  of an  a . c .  type 
a m p l i f i e r .  E x c i t a t i o n  i n t e r f e r e n c e  was not e x p ec te d  as t h e  a tom izer  
di.d n o t  o p e r a t e  a t  ex t rem ely  h ig h  t e m p e r a t u r e s .  R a d i a t i o n  i n t e r ­
f e r e n c e s ,  a l s o  p e c u l i a r  to  f lame a tomizers ,  w e re  a l l e v i a t e d  by the  
use  o f  the  a . c .  a m p l i f i e r  d e t e c t o r ,  and by t h e  i n s t r u m e n t a l  des ign  
which kep t  th e  a to m iz e r  out o f  the  l i g h t  p a th  o f  the  i n s t r u m e n t .
Chemical I n t e r f e r e n c e
Mercury i n  th e  a tmosphere  e x i s t s  in  a v a r i e t y  of chem ica l  forms, 
and atomic  a b s o r p t i o n  has been shown to s u f f e r  from the  e f f e c t s  of 
chemical i n t e r f e r e n c e s .  The in s t r u m e n t  f o r  a n a l y s i s  s h o u ld  be a b le  
t o  ana lyze  t h e  a tmosphere  w i t h o u t  r eg a rd  to  the  chemical s t a t e  of  
the  c o n s t i t u e n t ,  and a s tudy  o f  some o f  the  v a r i o u s  chem ica l  forms 
of mercury was u n d e r ta k en .
The s o l i d  i n j e c t i o n  f u r n a c e  d e s c r ib e d  p r e v i o u s l y  was used fo r  
t h i s  pu rpose .  A p o r c e l a i n  b o a t  was f i l l e d  w i t h  a mercury s a l t  and 
p la  ced w i t h i n  t h e  s o l i d  i n j e c t i o n  f u r n a c e ,  the  t e m p e ra tu re  o f  the 
sys tem was e l e v a t e d  u n t i l  a r e a s o n a b l e  and s t a b l e  a b s o r p t i o n  s ig n a l  
was observed .  The power s e t t i n g  was r e c o r d e d ,  the  power was c u t ,  
t h e  boa t  removed, and th e  a b s o r p t i o n  s i g n a l  was a llowed to  r e t u r n  
to  z e r o .  The power was r e t u r n e d  to  the p r e v i o u s  l e v e l  and the  r e ­
s u l t a n t  a b s o r p t i o n  s i g n a l  was observed f o r  r e p r o d u c i b i l i t y .
The i n j e c t o r  was removed from the sys tem  and the  b o a t  aga in  
p laced  in  th e  i n j e c t i o n  h e a t e r .  The a fo re m e n t io n ed  t e m p e r a t u r e  
was d u p l i c a t e d  and a i r  was p a sse d  over th e  b o a t  f o r  s e v e r a l  weeks.
The mercury l o s t  was c o l l e c t e d  i n  a s e r i e s  o f  n i t r i c  a c i d  
s c r u b b e rs  ( 2 1 ) ,  The s c r u b b in g  s o l u t i o n  was ana lyzed  by a tom ic
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a b s o r p t i o n  and th e  c o n c e n t r a t i o n  o f  mercury pu t  i n t o  the  a i r s t r e a m  
was c a l c u l a t e d .  The boa t  was once more p laced  i n s i d e  th e  i n j e c t i o n  
h e a t e r  and t h e  a b s o r p t i o n  s i g n a l  was no ted  f o r  s t a b i l i t y  and r e p r o ­
d u c i b i l i t y .  The a b s o r p t i o n  s i g n a l  was i d e n t i c a l  to  t h a t  seen  p r e ­
v i o u s l y ,  and c o n s f a n t  i n j e c t i o n  was assumed.
The compounds s t u d i e d  in  t h i s  way were m ercu r ic  n i t r a t e ,  
m e rc u r ic  s u l f a t e ,  and m ercu r ic  c h l o r i d e .  A t y p i c a l  ru n  f o r  m ercu r ic  
c h l o r i d e  i s  g iv e n  in  F ig u r e  70. With no power through th e  h e a t e r ,  
no a b s o r p t i o n  was o b se rv ed ;  as  power was s u p p l i e d  to  the  i n j e c t o r ,  
the  s i g n a l  r o s e  u n t i l  an e q u i l i b r i u m  s i g n a l  was ob se rv ed .  When
power was i n t e r r u p t e d  the  s i g n a l  s lowly  f e l l  to  z e ro  a b s o r p t i o n .
Runs made a t  the  nearby  2528$ l i n e  showed no ev idence  of  m o lecu la r  
a b s o r p t i o n  by any o f  the  compounds s t u d i e d .
The d a ta  o b ta in e d  in  t h i s  s tu d y  a r e  p r e s e n te d  in  Tab le  Ul.
There  was no e v id en c e  o f  chem ica l  i n t e r f e r e n c e .  The p r e c i s i o n  o f  
t h i s  method of  i n j e c t i o n  i s  shown in  T ab le  k-2. As was the  case  w i th  
l e a d  s a l t s ,  t h e  p r e c i s i o n  o f  the  s o l i d  i n j e c t i o n  i s  n o t  equa l  to 
t h a t  o b ta in e d  by vapor i n j e c t i o n  f o r  the  same r e a so n s  p r e s e n te d  i n  
the  p re v io u s  s t u d y ;  t e m p e r a t u r e ,  hence c o n c e n t r a t i o n , w a s  c o n t r o l l e d  
by the  power s u p p l i e d  t o  th e  h e a t e r  r a t h e r  than  a c o n s t a n t  tempera­
t u r e  b a t h .  I t  should  be m en t ioned ,  however,  t h a t  a t  t h e s e  tempera­
t u r e s  th e  p r e c i s i o n  o f  c o n t r o l  i s  l e s s  c r i t i c a l  than  a t  the  lower 
t e m p e r a t u r e s  used  for. vapor  i n j e c t i o n .
M olecu la r  I n t e r f e r a n t s
Workers i n  t h i s .  l a b o r a t o r y  have found t h a t  m o le c u la r  f ragm en ts  








\  = 2537S
RF power = 2 .75  kva 
a i r  f low r a t e  = 1 .0  1 /min 



















TABLE i|-l. A s t u d y  o f  t h e  e f f e c t  o f  a n i o n s  on m ercury  a b s o r p t i o n .
Anion Absorbance Cone,  as  d e te rm in e d  




as d e te rm in e d  
s c r u b b in g  
M'g/m3
C h l o r i d e 0 . 52l|- 152 133
S u l f a t e 0 .5 3 5 1U6 1^7
N i t r a t e 0 .2 8 8 7^ 73
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TABLE_42. A s tu d y  o f  the  p r e c i s i o n  o f  the  i n j e c t i o n  o f  mercury 
s a l t s .
Run Number P e r  c e n t  A b s o r p t i o n  Absorbance
Chi o r  ide  a v g .  = 0 .5 2 4  o  = 0 .0 2 8  132 p. g/ms
1' TO O.523
2 68 • 0 .495
3 72 0 .5 5 3
4 72 0 .5 5 3
5 * 69 0 .4 9 5
S u l f a t e  av g .  = O.585 0 = 0.030 146 p.g/m3
1 25 0 .602
2 26 O.585
3. . 29 0 .5 3 8
4 24 0 .6 2 0
5 26 O.585
N i t r a t e  a v g .  = 0 .2 8 8  o  = 0 .0 1 5  74 pg/m3
1. 49 0 .2 9 2
2: 51 0 .3 0 9
3; 49 0 .2 9 2
4 47  0 .2 8 4
5 46 0 .2 6 8
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t h e  f l am e  a t o m i z e r s  no rm a l ly  used  i n  a tom ic  a b s o r p t i o n  s p e c t r o s c o p y .  
A l th o u g h  the  c o n c e n t r a t i o n s  o f  o r g a n i c  a g e n t s  i n  the  a tm osphere  do 
n o t  a p p ro a ch  the  l e v e l  found when u s in g  o r g a n i c  s o l v e n t s  i n  normal  
f lame  type  a t o m i z e r s ,  many o r g a n i c  compounds f rom v a r io u s  s o u r c e s  
a r e  found  in  th e  a tm o s p h e re ,  and the  p o s s i b i l i t y  of i n t e r f e r e n c e s  
from t h e s e  compounds must  be i n v e s t i g a t e d .
F i g u r e  3 8 , i n  a p r e v i o u s  s e c t i o n ,  i l l u s t r a t e s  the  m a n i fo ld
a r ra n g e m e n t  used  f o r  t h i s  i n t e r f e r e n c e  s t u d y .  A i r  was p a sse d  i n t o
th e  i n l e t ,  m an i fo ld  a t  20 l i t e r s  p e r  minute*, a t  p o r t  1 t h e  e n t i r e  
f low was d i v e r t e d  th rough  a ” U" shaped d e v i c e  i n  which was mounted 
a r u b b e r  septum. A H am il ton  t e n  m i c r o l i t e r  s y r i n g e  was mounted on 
a motor d r i v e  and th e  s y r i n g e  t i p  was i n s e r t e d  i n t o  the  a i r s t r e a m  
th ro u g h  the  sep tum .  At  p o r t  two th e  m a j o r i t y  o f  the  flow was dumped 
i n to :  t h e  e x h a u s t  s y s t e m ,  1 .0  l i t e r  p e r  m in u te  was a l low ed  to  
c o n t i n u e  th rough  t h e  sys tem.  The s m a l l e s t  i n j e c t i o n  tube  was i n ­
s t a l l e d  a t  p o r t  3 .
The i n j e c t i o n  r a t e  o f  the  s y r i n g e  m o to r  d r i v e  was c a l i b r a t e d  
to  d e l i v e r  0 . 8 0  m i c r o l i t e r s  p e r  m in u te .  I f  t h e  d e n s i t y  o f  
an  a v e r a g e  o r g a n i c  compound w ere  0 .7 5  grams p e r  m i l l i l i t e r ,  th e  
s y r i n g e  would i n j e c t  6 x 10  4 grams o f  l i q u i d  o r g a n ic  p e r  m in u te .
With  an  a i r  f low r a t e  of  tw en ty  l i t e r s  p e r  m i n u t e ,  t h e  ap p ro x im a te
o r g a n ic ,  c o n c e n t r a t i o n  was t h i r t y  m i l l i g r a m s  p e r  cub ic  m e t e r .  The 
a c t u a l  v a lu e  w ould  v a r y  w i th  d e n s i t y  o f  t h e  o r g a n i c .  The 
d a t a  a r e . d i s p l a y e d  i n  Table  k j .  The r e s u l t s  a r e  g iv en  i n  t h e  form 
o f  d e p a r t u r e  from t h e  i n j e c t i o n  o f  t h i r t y  micrograms p e r  c u b i c  mete r 
o f  m ercu ry .
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TABLE ^ 5 • A s t u d y  o f  the  m o l e c u l a r  i n t e r f e r e n c e  o f  o r g a n i c  com­
pounds .  Th is  t a b l e  shows the  change  i n  pe r  c e n t  a b s o r p ­
t i o n  from the  normal v a lu e  f o r  a sample  o f  3 0 .0  [Xg/m3 
m ercu ry  e f f e c t e d  by o r g a n ic  s o l u t i o n s .
Compound 2537$ 2528$
hexane 0 0
hep tan e 0 0
i s o p r o p a n o l 0 0
n - b u t a n o l 0 0
n - b u t y l  s u l f i d e 0 0
a c e to n e 0 0
a c e t o n i t r i l e 0 0
p y r id in e . 0 0
n i t r o b e n z e n e 0 0
benzene 0 0
to lu e n e 0 0
brom oto luene 0 0
methyl i o d i d e 0 0
carbon  t e t r a c h l o r i d e 2 2
c h lo ro fo rm 1 1
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The c hosen  compounds g i v e  a r e p r e s e n t a t i o n  of t h e  v a r i o u s  
f u n c t i o n a l  g r o u p s ;  none o f  th e  compounds g i v e  ev idence  o f  s i g n i f i ­
c a n t  m o le c u la r  a b s o r p t i o n  a t  e i t h e r  the  i n a c t i v e ,  or  t h e  r e f e r e n c e  
l i n e .  As the  c o n c e n t r a t i o n s  o f  o rg an ic  compounds used  i n  t h i s  s t u d y  
w e re  w e l l  above th e  ambient c o n c e n t r a t i o n s ,  no i n t e r f e r e n c e s  should  
be  ex p ec ted  f rom  t h i s  s o u r c e .
I n o r g a n i c  M o le c u la r  I n t e r f e r a n t s
S u l f u r  d i o x i d e ,  hydrogen c h l o r i d e ,  and n i t r i c  o x id e  a r e  p r e ­
s e n t ,  at .  d e t e c  t a b l e  l e v e l s  i n  t o d a y ' s  p o l l u t e d  a t m o s p h e re s .  These 
po w e r fu l  o x i d a n t s  may c h e m i c a l l y  a f f e c t  an  a tm o s p h e r i c  a n a l y s i s  as  
w e l l  as- i n t e r f e r i n g  th rough  m o l e c u l a r  a b s o r b a n c e  and t h e r e f o r e  must 
be  c o n s id e r e d  when d e v i s i n g  a scheme or  i n s t r u m e n t  f o r  p o l l u t i o n  
a n a l y s i s . .
L e c tu r e  b o t t l e s  o f  th e  above gases  w ere  o b ta in e d  from l o c a l  
s o u r c e s  and t h e i r  e f f e c t s  on t h e  p ro c e d u re  were s t u d i e d  i n  the  
f o l l o w i n g  manner .  A i r  was p a s s e d  th rough  t h e  i n s t r u m e n t  i n  the  
normal manner a t  twenty l i t e r s  pe r  m in u te .  A f i f t y  c u b i c  c e n t i ­
meter.  g l a s s  s y r i n g e  was a t t a c h e d  to the  motor  s y r i n g e  d r i v e  and 
c a l i b r a t e d  t o  d e l i v e r  2 . 8  m i l l i l i t e r s  p e r  m in u te .  The "U" shaped 
tu b e  p r e v i o u s l y  d e s c r i b e d  was a t t a c h e d  a t  p o r t  one and t h e  need le  
o f  the  s y r i n g e  i n s e r t e d  t h ro u g h  the septum i n t o  the  a i r s t r e a m .  The 
s y r i n g e  was f i l l e d  w i th  the  a p p r o p r i a t e  gas  and t h e i r  e f f e c t s  on 
t h e  mercury d e t e r m i n a t i o n  was s t u d i e d  a t  2537^ an^ 2528^ .  The con­
c e n t r a t i o n  o f  t h e  gaseous  i n o r g a n i c s  was one hundred f o r t y  p a r t s  
p e r  m i l l i o n , .
A t . p o r t  two,  th e  m a j o r i t y  o f  the f low  was dumped i n t o  the
193
e x h a u s t  s y s t e m ,  1 , 0  l i t e r  p e r  minu te  was a l low ed  to  c o n t i n u e  to  
p a s s  th rough  t h e  i n s t r u m e n t ;  and a t  p o r t  t h r e e ,  30 -0  micrograms o f  
mercury  p e r  c u b i c  m ete r  were  i n j e c t e d  i n t o  t h e  a i r s t r e a m .  The 
mercury  was c o n t i n u o u s l y  i n j e c t e d  i n t o  t h e  sy s te m ,  t h e  r a t e  o f  th e  
i n j e c t i o n  o f  t h e  gaseous  i n o r g a n i c  was r e p e a t e d l y  i n t e r r u p t e d  and 
any d e v i a t i o n  was r e c o r d e d .
Table  p r e s e n t s  th e  r e s u l t s  of  t h i s  s tu d y  as  t h e  d e v i a t i o n  
from th e  tw e n ty  f o u r  p e r  c e n t  a b s o r p t i o n  s i g n a l  o f  3 0 .0  micrograms 
per. c u b i c  m e te r  o f  mercury  caused  by t h e  i n j e c t i o n  o f  the  v a r i o u s  
g a s e s , .  No i n t e r f e r e n c e  o f  any  form was r e c o r d e d  by any o f  the  
d e s c r i b e d  g a s e s  a t  e i t h e r  w a v e l e n g t h ,  i n d i c a t i n g  t h e  absence  o f  
i n t e r f e r e n c e  o r  m o le c u la r  a b s o r p t i o n .  The one hundred f o r t y  p a r t s  
p e r ' m i l l i o n  l e v e l  i n j e c t e d  b o r d e r s  on t h e  l e t h a l  dosage  f o r  th e  
ga se s  d e s c r i b e d .  T h i s  l e v e l  i s  w e l l  above t h a t  e n c o u n te re d  i n  
normal  a t m o s p h e r i c  a n a l y s i s  and i n t e r f e r e n c e s  from t h e s e  s o u rc e s  
a r e  no t  a n t i c i p a t e d  i n  the  normal usage  o f  th e  i n s t r u m e n t .
M ercury  S c ru b b e r s
S e v e r a l  s c r u b b i n g  a g e n t s  have been  used  in  t h e  p a s t  to  remove 
mercury from th e  atmosphere*,  a c t i v a t e d  c h a r c o a l ,  n i t r i c  a c i d ,  
magnesium s u l f a t e ,  and c o p p e r  io d id e  a r e  on ly  a s e l e c t e d  few. The 
s e n s i t i v i t y  o f  th e  i n s t r u m e n t  o f fe r 'ed  a u n ique  o p p o r t u n i t y  t o  i n ­
v e s t i g a t e  t h e  e f f i c i e n c y  o f  t h e  v a r i o u s  s c r u b b in g  a g e n t s  used i n  th e  
p a s t . .
The s t u d y  was made i n  t h e  f o l l o w i n g  manner.  A p r e - s c r u b b e r  of  
a c t i v a t e d  c h a r c o a l  was used  p r i o r  to  t h e  i n j e c t i o n  m a n i fo ld  due to  
t h e  p r e v i o u s  i n v e s t i g a t i o n  o f  l e ad  s c r u b b e r s  i n  o r d e r  t o  su p p ly  the
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TABLE Ml-. A s t u d y  o f  the  e f f e c t s  o f  i n o r g a n i c  i n t e r f e r a n t s .
D e v i a t i o n  in  p e r  c e n t  a b s o r p ­
t i o n  from s i g n a l  due t o  
3 0 .0  pg/m3 mercury
I h t e r f e r a n t 2537# 252S&
S u l f u r  D iox ide 0 0
N i t r i c  Oxide 0 0
Hydrogen C h l o r i d e 0 0
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i n s t r u m e n t  w i t h  pure  a i r .  The i n j e c t i o n  tube  s u p p l y i n g  JO.O m ic ro -  
grams o f  m ercury  pe r  c u b ic  m ete r  was a t t a c h e d  a t  p o r t  1 ,  and th e  
a p p r o p r i a t e  s c r u b b i n g  a g e n t  was a t t a c h e d  th ro u g h  p o r t  2 .  With  
t h i s  a r ra n g e m e n t  (F ig .  3 8 ) ,  one could  a l t e r n a t e l y  su p p ly  t h e  i n ­
s t r u m e n t  w i t h  mercury f r e e  a i r  f o r  r e f e r e n c e  p u r p o s e s ,  s u p p ly  a 
measured amount o f  mercury  f o r  c a l i b r a t i o n  p u r p o s e s ,  or r o u t e  the  
mercury  l a d e n  a i r s t r e a m  th r o u g h  the  v a r i o u s  s c r u b b e r s  to  check  t h e i r  
e f f i c i e n c i e s .
Jacobs  (^ 6 )  s u g g e s t s  t h e  use  o f  t h e  a c t i v a t e d  c h a r c o a l  a d s o r b e r  
f o r  th e  rem ova l  o f  mercury  from the  a i r  t o  su p p ly  mercury  
f r e e  a i r  f o r  a f i e l d  method. The c h a r c o a l  s c r u b b e r  was p r e p a r e d  in  
t h e  f o l l o w i n g  manner: c h a r c o a l  was a c t i v a t e d  a t  two hundred  d e g re e s  
c e n t i g r a d e  f o r  tw elve  h o u r s .  The c h a r c o a l  was p l a c e d  in  a g l a s s  
t h i s t l e  t u b e ,  bo th  ends were  p lugged w i th  g l a s s  wool and the  open 
end was capped w i th  a T e f l o n  p lu g .  T e f l o n  t u b i n g  was a t t a c h e d  to  
each  end o f  the  s c r u b b e r ,  1 2 / 8  s t a n d a r d  b a l l  j o i n t s  were  a f f i x e d  to
t h e  ends o f  th e  t u b in g  i n  o r d e r  t h a t  the  s c r u b b e r s  co u ld  be e a s i l y
a t t a c h e d  to  t h e  i n l e t  m a n i fo ld  sys tem .
The r e s u l t s  of  t h i s  s tu d y  a r e  shown i n  F i g u r e  7^ • C lean  a i r
was passed  th ro u g h  th e  sy s tem  a t  1 , 0  l i t e r  p e r  m in u te  and z e r o  
a b s o r p t i o n  was o b s e r v e d .  The a i r s t r e a m  was t h e n  r o u t e d  th ro u g h  th e  
i n j e c t i o n  a p p a r a t u s  where  jJO.O micrograms o f  m ercury  p e r  c u b i c  mete r  
w e re  i n j e c t e d  and a t w e n t y - f o u r  pe r  c e n t  a b s o r p t i o n  s i g n a l  was ob­
s e r v e d .  When th e  a i r  f low was r o u te d  th ro u g h  th e  s c r u b b e r ,  th e  
s i g n a l  im m e d ia te ly  dropped t o  z e r o ,  w h ich  i n d i c a t e d  t h a t  t h e  mercury  
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i n s t r u m e n t .  When th e  s c r u b b e r  was removed from t h e  flow s t r e a m  an 
a b s o r p t i o n  s i g n a l  of t w e n t y - f o u r  p e r  c e n t  was o b s e r v e d .
F i g u r e  7-*- a l s o  shows a r e v e r s a l  o f  the  p r e c e e d i n g  o rd e r  of  
e v e n t s .  The i n j e c t i o n  was made w i th  the  s c r u b b e r  on s t r e a m ,  and no 
a b s o r p t i o n  s i g n a l  was o b s e r v e d ,  which i n d i c a t e d  removal  o f  a l l  i n ­
j e c t e d  m e rc u ry , .  When t h e  s c r u b b e r  was removed a t w e n t y - f o u r  p e r  c e n t  
a b s o r p t i o n  s i g n a l  was o b s e r v ed  th e  s c r u b b e r  was p u t  back on s t r e a m  
and th e  s i g n a l  once a g a i n  f e l l  t o  z e r o .  A c t i v a t e d  c h a r c o a l  seems to 
be an e f f i c i e n t  a tm o s p h e r i c  s c r u b b in g  a g e n t .
Vpl. 'berg.  (65 ) has  used  a s c r u b b i n g  a g e n t  c o n s i s t i n g  o f  mag­
nesium s u l f a t e p o t a s s i u m  i o d i d e  and i o d i n e  f o r  t h e  a n a l y s i s  o f  mer­
c u r y .  A f t e r  c o l l e c t i o n ,  t h i s  a g e n t  was d i s s o l v e d  i n  vrater and t h e  
mercury  sample  was p r e c i p i t a t e d  w i t h  c u p r i c  c h l o r i d e  and sodium s u l ­
f i t e . .  The a b s o r b e n t  was made a c c o r d i n g  t o  t h e  f o l l o w i n g  r e c i p e :  
f o u r t e e n  g ram s- magnesium s u l f a t e ,  one p o i n t  two grams p o ta s s iu m  
i o d i d e ,  one t e n t h  gram i o d i n e ,  f o u r  t e n t h s  m i l l i l i t e r  w a t e r ,  one 
m i l l i l i t e r  e t h y l e n e  g l y c o l ,  and tw e lv e  m i l l i l i t e r s  o f  a c e t o n e .  The 
a b s o r b e r  was mixed and a l lo w ed  to  d ry  a s  p e r  i n s t r u c t i o n s .  The 
a b s o r b e r  was p la ce d  i n  a  p o l y e t h y l e n e  t u b e ,  th e  ends  were p lu g g e d  
w i t h  g l a s s  w o o l , . c a p p e d , and th e  s c r u b b e r  was i n s e r t e d  i n t o  t h e  
i n l e t  s y s t e m  i n  t h e  same manner a s  i n  t h e  p r e v i o u s  s tu d y .
The r e s u l t s  o f  t h i s  s tu d y  i s  i l l u s t r a t e d  i n  F ig u r e  72.  The 
m a n i p u l a t i o n s  o f  the  i n s t r u m e n t a l  p a ra m e te r s ,  w e re  i d e n t i c a l  t o  those  
pe r fo rm ed  i n  the  p r e v i o u s  s t u d y ,  w i t h  o b v i o u s l y  d i f f e r i n g  r e s u l t s .  
With t h e  s c r u b b e r ,  on l i n e  a r e s i d u a l  s i g n a l  o f  two to  fo u r  p e r  c e n t  







FIGURE 72 . DATA USED TO EVALUATE THE EFFICIENCY OF THE
MAGNESIUM SULFATE SCRUBBER
\  = 2537S 
RF power -  2 .75  kva 
a i r  f low r a t e  = 1 . 0  1/rain 
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e f f e c t ,  b u t  s im p ly  i n e f f i c i e n t  c a p t u r e  o f  mercury  f rom th e  a i r ­
s t r e a m .  P e rh a p s  a h i g h e r  s t a t e  o f  s u b d i v i s i o n  o f  th e  a b s o r b e n t  
would  h a v e  y i e l d e d  g r e a t e r  e f f i c i e n c y ,  b u t  t h e  p r e s s u r e s  n e c e s s a r y  
t o  m a i n t a i n  f low  th ro u g h  more s u b d iv id e d  p a r t i c l e s  w e re  i n  ex ce s s  
o f  th e  d e s i g n  c a p a b i l i t i e s  o f  t h e  i n s t r u m e n t .
The n e a r b y  2528R i n a c t i v e  l i n e  showed no e v id e n c e  o f  m o le c u la r  
a b s o r p t i o n .  T h i s  datum i n d i c a t e d  t h a t  t h e  a b s o r p t i o n  s i g n a l  was 
due  t o  m e rc u ry .  A t  t h i s  f low r a t e  the  d e s c r i b e d  s c r u b b e r  does  n o t  
h a v e  th e  e f f i c i e n c y  o f  the  p r e v i o u s  a g e n t .
P a l a l a u  (66)  h a s  d e v i s e d  a c o l o r m e t r i c  method f o r  t h e  d e t e r ­
m i n a t i o n  o f  m ercury  based  on t h e  r e a c t i o n  w i t h  cuprous  i o d i d e .  
A c c o r d i n g l y ,  a one t e n t h  normal copper  i o d i d e  s o l u t i o n  was p l a c e d  
i n  a gas  w a sh in g  tower  and a t t a c h e d  to  t h e  m a n i fo ld  sy s te m  i n  t h e  
u s u a l  manner .  The m a n i p u l a t i o n s  o f  th e  i n s t r u m e n t a l  p a r a m e te r s  
w e re  i d e n t i c a l  t o  t h o s e  p re fo rm ed  in  t h e  p r e v i o u s  s t u d y ;  t h e  r e ­
s u l t s  a r e  shown i n  F ig u r e  7 3 . The r e s u l t s  p a r a l l e d  t h o s e  o b t a i n e d  
i n  t h e  s t u d y  o f  t h e  c h a r c o a l  s c r u b b e r .  When th e  a i r s t r e a m  was n o t  
p a s s i n g  th r o u g h  t h e  s c r u b b e r ,  t h e  e x p e c t e d  t w e n t y - f o u r  p e r  c e n t  
a b s o r p t i o n  was o b s e r v e d .  S c r u b b in g  t h e  s t a n d a r d  sample  r e s u l t e d  i n  
a z e r o  a b s o r p t i o n  s i g n a l  which  i n d i c a t e d  t h e  removal o f  m ercury  i n  
t h e  a i r  t o  a l e v e l  below t h e  d e t e c t i o n  l i m i t s  o f  t h e  i n s t r u m e n t .
J a c o b s  (3 2 )  s u g g e s te d  u se  o f  a d i l u t e  n i t r i c  a c i d  s o l u t i o n  as  
a s c r u b b i n g  a g e n t  f o r  most  m e t a l l i c  compounds,  A t e n t h  normal  
s o l u t i o n  o f  n i t r i c  a c i d  was p r e p a r e d  and p l a c e d  i n  one o f  t h e  gas 
w a sh in g  t o w e r s .  The s c r u b b e r  was a t t a c h e d  t o  the  m a n i f o ld  i n  t h e  









FIGURE 7 3 . DATA USED TO EVALUATE THE EFFICIENCY OF THE
CUPROUS IODIDE SCRUBBER
\  = 2537S
RF power = 2 .75  kva 
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s t a n d a r d  c o n d i t i o n s .  The r e s u l t s  a r e  shown i n  F i g u r e  7^- 
n i t r i c  a c i d  s c r u b b e r  e f f e c t i v e l y  removed t h e  m ercury  from th e  a i r -  
s t r e a m  t o  a l e v e l  below th e  s e n s i t i v i t y  l i m i t s  o f  t h e  i n s t r u m e n t .
I n  o r d e r  t o  o b t a i n  an a c c u r a t e  method o f  s e t t i n g  t h e  z e r o  
a b s o r p t i o n ,  a sample o f  mercury  f r e e  a i r  must be a v a i l a b l e .  One 
p u r p o s e  o f  t h i s  s c r u b b e r  s tu d y  was th e  d e t e r m i n a t i o n  o f  t h e  b e s t  
s c r u b b i n g  a g e n t  t o  use  t o  o b t a i n  " z e r o  a i r "  from th e  compressed  a i r  
t a n k .
C o n s i d e r i n g  i t s  h ig h  e f f i c i e n c y  and r e l a t i v e  e a s e  o f  manipu­
l a t i o n ,  a c t i v a t e d  c h a r c o a l  was chosen  as t h e  p r im ary  s c r u b b i n g  
a g e n t .  The c h a r c o a l  s c r u b b e r  d e s c r i b e d  u n d e r  t h e  p r e v i o u s  s e c t i o n  
on l e a d  was a l r e a d y  on l i n e  and a d eq u a te  f o r  s c r u b b i n g  mercury  as 
w e l l  a s  l e a d .  The p r a c t i c e  o f  p e r i o d i c  r e p l a c e m e n t  o f  th e  a c t i v a t e d  









FIGURE 7 ^ . DATA USED TO EVALUATE THE EFFICIENCY OF THE
NITRIC ACID SCRUBBER
7 0  -
X = 2537&
RF power = 2 .7 5  kva 
a i r  f low r a t e  - 1 . 0  1 /min  
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Cadmium
From an env i ro n m en ta l  h e a l t h  s t a n d p o i n t ,  cadmium i s  one o f  the  
most dangerous  of  t h e  a tm ospher ic  p o l l u t a n t s .  I t  has  been shown 
to  cause  cance r  in  an im a ls  and has  e x h i b i t e d  p o s s i b l e  c a r c i n o g e n i c  
e f f e c t s  on man (5 0 ).
As a t o x i c  s u b s t a n c e ,  cadmium i s  e n t i r e l y  an a lagous  t o  
a r s e n i c  and mercury : i t  does no t  have  a nox ious  e f f e c t  m e re ly  b e ­
cause  o f  the  s t a t e  o f  s u b d i v i s i o n  o f  the  cadmium compounds i n h a l e d .  
C a r d i o v a s c u l a r  d i s e a s e  has been r e l a t e d  to  i n h a l e d  doses  o f  t h i s  
m eta l  a p p ro x im a t in g  th o se  s u f f e r e d  i n  average  u rban  s i t u a t i o n s  (79)- 
Cadmium has caused  r e n a l  d e t e r i o r a t i o n  in w o rk e rs  exposed to  t h e  
o x i d e ,  and may induce  u r i n a r y  s t o n e  fo rm at ion  (8o). The 
m eta l  i s  u s u a l l y  c o n c e n t r a t e d  in  t h e  k idneys  ( 8 1 ) .  T o x i c o l o g i c a l  
symptoms o f  i n h a l a t i o n  a r e  t h r o a t  d r y n e s s ,  cough,  headache ,  v o m i t ­
i n g ,  c h e s t  p a i n s ,  p n e u m o n i t i s ,  and p o s s i b l y  b ronch iopneum onia .
Cadmium's inci*eased use f o r  i n d u s t r i a l  p r o c e s s e s  poses  a d i s t i n c t  
problem to  the  concerned  e n v i r o n m e n t a l i s t .  Cadmium i s  a c o n s t i t u e n t  
o f  e a s i l y  f u s i b l e  a l l o y s  such as  Wood's m e t a l ,  s o f t  s o l d e r  and solder* 
f o r  aluminum. I t s  major use i s  in  e l e c t r o p l a t i n g  of the  m e t a l .  I t  
i s  used as  a d e o x i d i z e r  i n  n i c k e l  p l a t i n g ,  i n  p r o c e s s  e n g r a v i n g ,  in  
p h o t o e l e c t r i c  c e l l s  and in  v a r i o u s  phases  o f  ph o to g rap h y .
A p o s s i b l e  major use  of  cadmium i n  the  f u t u r e  i s  in  the  m anufac tu re  
of  Nickel-Cadmium r e c h a r g e a b l e  s t o r a g e  b a t t e r i e s .  The powder i s  a l s o  
used as  an amalgam (lCd;lf Hg) i n  d e n t i s t r y  - had  any t e e t h  f i l l e d  
l a t e l y ?  Cadmium s a l t s  have been used  as p e s t i c i d e s  f o r  w oo l ,  
a n i m a l s ,  and c l o t h i n g s  ( 8 7 ) j  f u n g i c i d e s ;  a n t i s e p t i c s  i n  t h e
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m a n u fa c tu r e  of  dyes  and in  c a th o d e  r a y  t u b e s .  Cadmium i o d i d e  ha s  
b e en  used  i n t e r n a l l y  f o r  t r e a t m e n t  o f  TB and c h r o n i c  a r t h r i t i s  (^9)* 
Cadmium s u l f i d e  i s  used as a c o l o r  f o r  soaps  and i n  shampoos i n ­
te n d ed  f o r  the  t r e a t m e n t  of s e b o r r h e i c  d e r m a t i t i s .  Th is  s u s p e c t e d  
c a r c i n o g e n  i s  i n  f a r  t o o - f r e q u e n t  and p ro longed  c o n t a c t  w i t h  man­
k in d  f o r  the  e n v i ro n m e n ta l  s c i e n t i s t .
I n d u s t r i a l  p r o c e s s e s  which have  produced o c c u r r e n c e s  o f  cadmium 
p o i s o n i n g  in c lu d e  t h e  s m e l t i n g  o f  z in c  a n d / o r  cadmium o r e s  ( 8 2 ) ,  
w o r k in g  up of r e s i d u e s ,  p r o d u c t i o n  of  cadmium compounds, s p r a y i n g  
o f ' cadmium c o n t a i n i n g  p a i n t s  and p ig m en ts ,  w e l d i n g  a l l o y s ,  f l a n g i n g  
o p e r a t i o n  on cadmium p l a t e d  p i p e s ,  cadmium p l a t i n g  p r o c e s s e s  -  
p a r t i c u l a r l y  o f  m a r ine  hardware  and f i t t i n g s  and the  m e l t i n g  o f  th e  
m e t a l  (i*6). Cadmium p o i s o n in g  ha s  been in  e v id e n c e  in  w o r k e r s  in  
b a t t e r y  p l a n t s ,  ( 8 0 , 8 5 ) ,  and f a c t o r i e s  i n  R u s s i a  ( 8 ^ ) .  Fumes from 
s i l v e r  s o l d e r  were  shown t o  c o n t a i n  e i g h t y - f i v e  p e r c e n t  cadmium 
o x i d e ;  workers  w i t h  t h i s  s o l d e r  were  shown t o  s u f f e r  from a c u t e  
cadmium p o i s o n in g  ( 8 5 ).
Cadmium has  been  found i n  r o a d s i d e  s o i l s ,  and was shown t o  
o r i g i n a t e  from t h e  t i r e s  and motor  o i l s  u s e d .  The p l a n t s  a l o n g s i d e  
the.  roadway were shown to  a c c u m u la te  cadmium p r e f e r e n t i a l l y  v e r s u s  
l e a d  o r  z in c  ( 3 6 ) .  Cadmium i s  a r e g u l a r  c o n s t i t u e n t  of a g r i c u l t u r a l  
c h e m i c a l  compounds r o u t i n e l y  a p p l i e d  t o  s o i l s  and c rops  ( 8 7 , 8 8 ) .
The m e ta l  has  been  found in  m i l k ,  mi lk  p r o d u c t s ,  e g g s ,  f a t s ,  m e a t ,  
f i s h ,  s u g a r ,  g r a i n s  and v e g e t a b l e s  i n  amounts depend ing  on t h e  r e g i o n ,  
t y p e  o f  f e r t i l i z e r  u s e d .  The p l a s t i c s  i n d u s t r y ,  among o t h e r s ,  ha s  
b e e n  found to  be a major s o u r c e  o f  th e  cadmium p o l l u t i o n ,
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p a r t i c u l a r l y  i n  th e  p o l l u t i o n  o f  f o o d s .  The av e rag e  d a i l y  i n t a k e  
h a s  been e s t i m a t e d  a t  38-63  micrograms o f  cadmium (8 9 ) .
The a v e r a g e  c o n c e n t r a t i o n  o f  cadmium i n  t h e  a tm o sp h ere  o f  th e  
U .S .  was 2 nanograms per  c u b i c  m e te r ;  t h e  maximum c o n c e n t r a t i o n  
n o t e d  was 0 . 11-20 micrograms p e r  cub ic  m e t e r  (9 3 )* I n  t h e  w o rk in g  
a tm osphere  o f  a b a t t e r y  p l a n t ,  c o n c e n t r a t i o n s  were found  r a n g i n g  
f ro m  0 . 1  t o  3 0 . k  m i l l i g r a m s  pe r  c u b ic  m e t e r  o f  cadmium (8 3 ) .  Cadmi­
um has  been  found in  the  a i r  above Lake M ich igan  (9 0 ) .  The m e ta l  
h a s  been d e t e c t e d  i n  th e  r i c e  and s o i l s  (9I ) ,  and w a s te  w a t e r s  (9 2 ) 
o f  Japan .
Cadmium samples  have  been  c o l l e c t e d  u s i n g  cascad e  im p a c to r s  
(9 0 ) ,  s c r u b b e r s  u s in g  w a t e r  . (k6 ) ,  d i l u t e  n i t r i c  a c i d  (9k ) ,  f i l t e r  
p a p e r  (8k ) ,  p o l y s t y r e n e  f i l t e r s  (9 5 ) and e l e c t r o s t a t i c  p r e c i p i t a ­
t o r s  (I16).
Cadmium h a s  been d e te r m in e d  s p e c t r o p h o t o m e t r i c a l l y  w i t h  
d i t h i z o n e  (9 2 ) o r  2 , 2- b i b e n z o x a z o l i n e  (9 8 ) ,  by a tom ic  f l u o r e s c e n c e  
(9 6 ) ,  by e m i s s i o n  s p e c t r o s c o p y  (8 6 ) ,  by a c t i v a t i o n  a n a l y s i s  ( 8 1 ) ,  by 
a n o d i c  s t r i p p i n g  vo l tam ine t ry  (9 0 ) ,  by p o la r o g r a p h y  (8 k , l 0 0 ) ,  and by 
a to m ic  a b s o r p t i o n  (8 2 ).  Some s t u d i e s  e x t r a c t e d  t h e  cadmium w i th  
ammonium p y r r o l i d i n e  d i t h i o c a r b a m a t e  (APDC) (9 l ) »  8- q u i n o i i n o l  o r  
e t h y l  p r o p i o n a t e  (9 7 ) b e f o r e  d e t e r m i n a t i o n  by a tomic  a b s o r p t i o n .
Cadmium Lamp
Cadmium h as  two w a v e le n g th s  which a r e  c a p a b le  o f  a b s o r b i n g  
r e s o n a n t  r a d i a t i o n ;  2288& and 3261& ( 1 0 ) .  The r e l a t i v e  s e n s i t i v i t y  
o f  t h e s e  two l i n e s  i s  3 0 0 : 1 ,  r e s p e c t i v e l y  (1 0 1 ) .  The p r e v i o u s  s tu d y  
on  l e a d  h a s  shown t h a t  l e v e l s  which c a n  be s ee n  a t  t h e  l e s s
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s e n s i t i v e  l i n e  w i l l  r e n d e r  t h e  i n s t r u m e n t  u n u s a b le  a t  t h e  more s e n ­
s i t i v e  l i n e  i f  the  r a t i o  o f  s e n s i t i v i t i e s  i s  l a r g e .  S t u d i e s  were  
c o n f i n e d  t o  t h e  2288$  l i n e .
P r e v i o u s  s t u d i e s  h ave  e x h i b i t e d  problems w i t h  low lamp i n t e n ­
s i t i e s  when t h e  long  p a t h  a b s o r p t i o n  tube  i s  used  and an i n t e n s e  
s o u r c e  was s o u g h t  f o r  u s e  w i t h  t h e  cadmium i n v e s t i g a t i o n .  An Osram- 
t y p e  d i s c h a r g e  lamp was s e c u re d  and was powered by a P e r k in - E lm e r  
Osram lamp power s u p p l y .  The sp e c t ru m  o f  the  lamp i s  shown i n  
F i g u r e  75 ;  t h e  3261&, 5403&, 3467#,  36H & ,  4680&, 4800& and 5089^  
l i n e s  a re .  s e e n .  A l l  l i n e s  a r e  due to '  cadmium i n  t h e  z e r o - v a l e n t  
s t a t e .  N o t i c e a b l y  a b s e n t ,  how ever ,  i s  t h e  more s e n s i t i v e  2288& 
r e s o n a n c e  l i n e .  The en v e lo p e  o f  t h e  lamp was p u n c t u r e d ,  s a c r i f i c i n g  
lamp l o n g e v i t y  f o r  t h e  a b i l i t y  t o  o p e r a t e  i n  t h e  f a r  u l t r a v i o l e t  
r e g i o n . .  A spec t rum  o f  the  lamp w i t h  t h e  e n v e lo p e  p u n c tu r e d  i s  shown 
i n  F i g u r e  j 6 . I n  a d d i t i o n  to  the  l i n e s  i n  t h e  p r e v i o u s  s p ec t ru m ,  
t h e  r e v e r s a b l e  2288$ l i n e  and t h e  2144$ and 2264& io n  l i n e s  a r e  
r e a d i l y  a p p a r e n t .  The l i n e s  s e e n  a t  4188)?, 4528$ and 457*5$ a r e  th e  
second  o r d e r  sp ec t ru m  o f  th'e 2144$,  2864$ and 2288$ l i n e s  r e s p e c ­
t i v e l y .  An expanded view o f  t h e  2290$ r e g i o n  i s  shown i n  F i g u r e  
77;. t h e  2288$ 1 in e  was w e l l  s e p a r a t e d  from o t h e r  a p p a r e n t  l i n e s  i n  
t h e  s p e c t r u m ,  and e x h i b i t e d  a h a l f  h e i g h t  w id th  o f  1 . 8 $ .  There  were  
no a d j a c e n t  l i n e s  a p p a r e n t  a t  t h i s  l e v e l  o f  a m p l i f i c a t i o n .
The 2288$ l i n e  was th e  m os t  i n t e n s e  l i n e  i n  t h e  sp e c t ru m .  The 
i n t e n s i t y  o f  th e  l i n e  a l low ed  t h e  a m p l i f i e r  t o  o p e r a t e  w i t h  a h i g h  
s i g n a l  t o  n o i s e  r a t i o  and good s t a b i l i t y .  The 2264$ l i n e  was used  
i n  t h e  i n v e s t i g a t i o n  o f  m o l e c u l a r  a b s o r p t i o n .
The i n t e n s i t y  o f  t h e  lamp as  a f u n c t i o n  o f  c u r r e n t  i s  shown
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FIGURE 75. THE SPECTRUM OF THE OSRAM LAMP FOR CADMIUM WITH
THE ENVELOPE INTACT; 2COO& to  6000X
y  S 'S O f r S
£ i s ^ £  --------------
y  I59£----------- --------
y  o s 9 f r
y  S'GGQ-b ----------------------
y 6803 -------------------------

















FIGURE 76.  THE SPECTRUM OF THE OSRAM LAMP FOR CADMIUM WITH 





























FIGURE 77.  THE SPECTRUM OF THE CADMIUM LAMP*, 2280& REGION 
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i n  F i g u r e  78 (Table  4-5 ) ;  t h e  c u r r e n t  l e v e l s  shown were the  o n ly  ones 
a v a i l a b l e  w i t h  t h e  power su p p ly  u s e d .  The lamp was u n d e r ru n  as 
much a s  p o s s i b l e  c o n s i s t e n t  w i t h  h ig h  i n t e n s i t y  (900 ma) t o  av o id  
t h e  p o s s i b i l i t y  o f  s e l f - r e v e r s a l .
The i n t e n s i t y  o f  the  lamp a s  a f u n c t i o n  o f  t ime  over  a n i n e t y  
m inu te  p e r i o d  i s  shown i n  F ig u r e  79 (Table  4 6 ) .  The lamp e x h i b i t e d  
e x c e l l e n t  s t a b i l i t y  ov e r  the  c o u r s e  o f  the  i n v e s t i g a t i o n ,  t h e  
v a r i a t i o n s  were  w i t h i n  t h e  d r i f t  s p e c i f i c a t i o n s  o f  the  a m p l i f i e r .
O p e r a t i o n  o f  t h e  I n s t r u m e n t
E i g h t  3 /1 6  inch  ca rb o n  r o d s  f i v e  inches  in  l e n g th  were p la ce d  
w i t h i n  t h e  r a d i o  f r e q u e n c y  c o i l s .  The t a n k  c i r c u i t  was t h e n  tuned  
f o r  maximum power t r a n s f e r  th ro u g h o u t  the  power range  o f  t h e  g e n e r a ­
t o r .  The r e g u l a t o r  on the  a i r  s u p p l y  tank  was a d j u s t e d  to  a p p r o x i ­
m a te ly  two p . s . i . g .  and th e  flow r a t e  was c o n t r o l l e d  by t h e  r o t a ­
m e t e r .  Due to  t h e  d a t a  p r e s e n t e d  i n  a p r e v io u s  s e c t i o n ,  t h e  c h a r ­
c o a l  p r e - s c r u b b e r  was l e f t  on s t r e a m  a s  a p r e c a u t i o n a r y  m easu re .
The i n i t i a l  r u n s  w i th  th e  i n s t r u m e n t  (F ig .  80)  showed t h e ,  by 
now t y p i c a l ,  s u rg e  upon i n i t i a t i o n  o f  the  a i r  f l o w ,  which s lo w ly  
dropped  to  a r e s i d u a l  a b s o r p t i o n  o f  t h r e e  p e r  c e n t .  A s c r u b b e r  
p l a c e d  on s t r e a m  e f f e c t e d  no d e c r e a s e  in  a b s o r p t i o n ,  which was 
i n d i c a t i v e  o f  cadmium p r e s e n t  on t h e  ca rb o n  r o d s .
A c c o r d i n g l y ,  t h e  r o d s  w ere  a n a ly z e d  f o r  th e  p r e s e n c e  o f  cadmium 
on t h e  same s p e c t r o g r a p h  and in  t h e  same manner a s  has  been d e s c r i b e d  
i n  t h e  p r e v i o u s  s e c t i o n s .  No e v id e n c e  o f  the  p r e s e n c e  of cadmium 
co u ld  be found on th e  s p e c t r o g r a p h i c  p l a t e s .
The 2264$ l i n e  was used t o  c h ec k  th e  p o s s i b i l i t y  o f  m o le c u la r
2 1 1
FIGURE 7 8 . THE INTENSITY OF THE 2288& CADMIUM LINE AS
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TABLE *1-5. A s t u d y  of  th e  i n t e n s i t y  of  th e  2288& cadmium l i n e  as 
a f u n c t i o n  of  c u r r e n t .
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TABLE h6 . A s tu d y  o f  the  i n t e n s i t y  o f  t h e  2288^  cadmium l i n e  as  
a f u n c t i o n  of t im e ,
T im e-m inutes  X n t e n s i t y - u n i t s
0 7 6 .8
5 76.6
10 7 6 .8
15 7 6 .6
20 76 . 4
25 ‘ 76 .4
30 76 .5
35 76 .0
i*o 7 6 .0
h  76 .3
50 76*0
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a b s o r p t io n ,  b u t no such  e v id en c e  was fo u n d .
The r e s i d u a l  a b s o r p t i o n  s i g n a l  p e r s i s t e d  r a t h e r  c o n s i s t e n t l y  
t h r o u g h o u t  t h e  l i f e t i m e  o f  each  s e t  o f  ca rbon  r o d s .  The s i g n a l  
was p r e s e n t  a t  a l l  t im es  and d id  n o t  d i s a p p e a r  w i t h  t ime as  had  been 
th e  c a s e  i n  th e  p r e v io u s ,  s t u d i e s . T h e r e f o r e ,  a p r e b u r n  o f  t h i r t y  
m in u te s  was used and the  97^  t r a n s m i s s i o n  s i g n a l  was ta k en  a s  
i n  t h e  c a l i b r a t i o n  o f  the  i n s t r u m e n t .
O p e r a t i n g  P a r a m e te r s  o f  th e  I n s t r u m e n t
The optimum v a l u e s  of the  f o l l o w i n g  i n s t r u m e n t a l  p a r a m e te r s  
were  d e te rm in e d  w i t h  r e s p e c t  t o  cadmium:
a )  c o n f i r m a t i o n  o f  a tom ic  a b s o r p t i o n
b )  a n a l y t i c a l  w a v e le n g th
c )  r a d i o  f r e q u e n c y  power d e l i v e r e d  to  t h e  a t o m i z e r
d )  t e m p e r a t u r e  o f  the  f,T" p i e c e
e )  a i r  f low r a t e .
A l l  o f  the  above p a r a m e te r s  were  i n t e r d e p e n d e n t .  Each must 
•be a d j u s t e d  f o r  maximum t o t a l  i n s t r u m e n t a l  r e s p o n s e .  However,  on ly  
t h e  f i n a l  o p t i m i z a t i o n  s tu d y  i s  p r e s e n t e d  i n  t h i s  d i s c u s s i o n .
As ha s  been  p r e v i o u s l y  s t a t e d ,  t h e  monochromator was i n c a p a b l e  
o f  v a r y i n g  i t s  s l i t  w i d t h .  T h i s ,  however ,  was no h a n d ic a p  s i n c e  th e  
r e s o n a n c e  l i n e  was remote  s p e c t r a l l y  from o t h e r  p ro m in en t  l i n e s ,  
and no minor l i n e s  w ere  a p p a r e n t  i n  t h e  expanded s p ec t ru m .  I n  c a s e s  
w here  t h e  l i n e  i s  remote  from o t h e r  l i n e s , w i d e  s l i t s  can  be t o l e r a t e d  
w i t h  l i t t l e  l o s s  i n  s e n s i t i v i t y  ( 1 0 ) .  I f  r e s o l u t i o n  o f  th e  mono­
c h ro m a to r  had been  a p rob lem ,  t h e  second o r d e r  s p e c t r u m  o f  t h e  l i n e s  
i n  q u e s t i o n ,  w h ich  were  r e a d i l y  a p p a r e n t  ( F i g .  76 ) cou ld  h a v e  been
217
u s e d .  I n  t h e  second o r d e r ,  t h e  monochromator  cou ld  have  had  tw ice  
t h e  normal  r e s o l u t i o n .
C o n f i r m a t io n  o f  Atomic A b s o r p t i o n  
As men t ioned  i n  t h e  p r e v i o u s  i n v e s t i g a t i o n s , a s t u d y  o f  the  
r e l a t i v e  a b s o r p t i o n  o f  r e s o n a n t  l i n e ,  n o n - r e s o n a n t  l i n e  and c o n t i n ­
uous r a d i a t i o n  o f f e r s  c o n v i n c i n g  e v id en c e  toward  a tom ic  a b s o r p t i o n .  
A c c o r d i n g l y ,  such  a s tu d y  was c a r r i e d  o u t .
D ur ing  t h e  c o u r s e  o f  t h e  i n v e s t i g a t i o n ,  an a t t e m p t  was made to  
i n j e c t  cadmium m e ta l  v i a  t h e  i n j e c t i o n  h e a t e r .  An a tm o s p h e r i c  r e ­
a c t i o n  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  r e d d i s h  brown cadmium ox ide  and 
i n  th e  c o n t a m i n a t i o n  of  t h e  a p p a r a t u s .  A l th o u g h  th e  c o n ta m in a n t  
e v e n t u a l l y  baked o u t ,  and t h e  a b s o r p t i o n  f e l l  to  a w o rk a b le  l e v e l ,  
t h e  i n i t i a l  r u n s  w ere  e x c e l l e n t  s o u rc e s  o f  d a t a  f o r  o p t i m i z a t i o n  and 
i n t e r f e r e n c e  s t u d i e s .  The cadmium was assumed to  be i n  t h e  form of  
t h e  m e ta l  and t h e  o x id e .
The a b s o r p t i o n  s t u d i e s  a t  t h e  r e s o n a n t  2288$ and t h e  i n a c t i v e  
226fk$ l i n e s ,  a s  w e l l  as  t h e  a b s o r p t i o n  o f  c o n t i n u o u s  r a d i a t i o n  from 
a hy d ro g en  lamp,  a r e  p r e s e n t e d  i n  F ig u r e  81 (Tab le  ^7)*  N i n e t y  pe r  
c e n t  o f  t h e  r e s o n a n t  r a d i a t i o n  was a b s o r b e d .  N o - a b s o r p t i o n  was d e ­
t e c t e d  i n  t h e  n o n - r e s o n a n t  and c o n t in u o u s  s t u d i e s .  The above d a ta  
p r e s e n t e d  a pow erfu l  a rgument  f o r  the  o c c u r r e n c e  o f  a to m ic  a b s o r p ­
t i o n .
Choice o f  A n a l y t i c a l  W ave leng th  
The to o  r e s o n a n t  w a v e le n g th s  of cadmium have been  r e c o r d e d  and 
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TABLE_JfJ. A c o n f i r m a t i o n  of t h e  a b s o r p t i o n  o f  2288X l i n e  
r a d i a t i o n  by a to m ic  cadmium.
Source  Pe r  c e n t  A b s o r p t i o n
22QQI 90
22&*& 0
Con t inuous 0
2 2 0
tho u g h t  r e a s o n a b l e  to  r u n  a s tudy  on a l l  a p p a r e n t  cadmium l i n e s  in  
o r d e r  t o  d e te r m in e  the  p ro p e r  l i n e  .for use  d u r in g  t h e  c o u r s e  o f  the  
i n v e s t i g a t i o n .
The r e s u l t s  o f  the  s tu d y  a rc  shown i n  F ig u r e s  82 and 83 > and
a r e  summarized in  Tab le  1+8. Only th e  2288$ l i n e  produced any
u s a b l e ,  p e r s i s t e n t  s i g n a l  a t  t h e s e  l e v e l s ;  the  3261$  l i n e  e x h i b i t e d  
a momentary su rge  which q u i c k l y  f e l l  t o  z e r o .  No a b s o r p t i o n  was en ­
c o u n te r e d  a t  o t h e r  w a v e le n g th s .  The 2288$ l i n e  was t h e r e f o r e  used 
f o r  the  d e t e r m i n a t i o n  o f  cadmium, and th e  2261+$ ion  l i n e  was used
f o r  the  i n v e s t i g a t i o n  o f  m o lecu la r  a b s o r p t i o n .
Radio  Frequency Power S t u d i e s  
The e f f e c t  of  the  t e m p e ra tu re  o f  the  ca rbon  ro d s  upon th e  e f f i ­
c i e n c y  of  th e  a t o m i z e r ,  and th e  e f f e c t  o f  d e l i v e r e d  power have  been  
d i s c u s s e d  i n  t h e  p re v io u s  s e c t i o n s  and w i l l  n o t  be p r e s e n t e d  h e r e .
The dependence of  t h e  a b s o r p t i o n  s i g n a l  on th e  r a d i o  f r eq u e n cy  
power i s  shown in  F ig u r e  81+ (Table  1+9). A b so r p t io n  remained  a t  z e ro  
w h i le  no power was s u p p l i e d  to  the  f u r n a c e ,  then  r o s e  s h a r p l y ,  and 
reached  th e  p l a t e a u  a t  3*0 k v a .  P r e v io u s  s t u d i e s  have  i n d i c a t e d  
t h a t  t h i s  r e p r e s e n t e d  th e  most e f f i c i e n t  o p e r a t i o n  o f  t h e  a t o m i z e r .  
A c c o r d i n g ly ,  3 . 0  kva .  was chosen as t h e  optimum v a lu e  f o r  maximum 
a t o m i z a t i o n  e f f i c i e n c y  c o n s i s t e n t  w i t h  minimum g e n e r a t o r  l o a d .
Tempera ture  of  t h e  A b s o r p t io n  Tube 
The e f f e c t  o f  th e  t e m p e r a t u r e  o f  th e  long  p a t h  a b s o r p t i o n  tube  
upon s e n s i t i v i t y  has  been s t u d i e d  in  t h e  p re v io u s  s e c t i o n  where  i t  
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TABLE ij-8. The a b s o r p t i o n  due to  cadmium r a d i a t i o n  a t  v a r i o u s  
w a v e l e n g t h s .











FIGURE 8i+ . CADMIUM ABSORPTION AS A FUNCTION OF RADIO
FREQUENCY POWER
\  = 2288S
RF power = 0 - 5  kva 
a i r  f low rate .  = 1 .2  I / s e c
3.0£.01.0
Ft. F. POWER “ KVA
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TABLE ^ 9 . A s tu d y  o f  cadmium a b s o r p t i o n  a s  a f u n c t i o n  o f  r a d i o  
f r e q u e n c y  power .  .
RF power - kva P e r  c e n t  A b s o r p t i o n
0 . 0  0
0 .5  0
1.0 0
1 . 5  lb
2 .0  H i . 5
2 .5  ' 17-5
5 .0  20.5
3 .5  20.5
lf.0  20
b .5  20
5 .0  20
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a to m ic  s p e c i e s  and p r e v e n te d  t h e i r  o x i d a t i o n  and d e p o s i t i o n ,  on th e  
w a l l s  o f  t h e  a b s o r p t i o n  tube' .  High t e m p e r a t u r e s  i n c r e a s e d  t h e  
s e n s i t i v i t y  o f  the  i n s t r u m e n t .  The r e s u l t s  o f  t h i s  type  o f  i n v e s t i ­
g a t i o n  w i t h  r e s p e c t  t o  cadmium p r e s e n t e d  no s u r p r i s e s .  The a b s o r p ­
t i o n  s i g n a l  i n c r e a s e d  d i r e c t l y  w i t h  r e s p e c t  to  t e m p e r a t u r e ,  and
r e a ch e d  i t s  maximum a t  th e  h i g h e s t  t e m p e r a t u r e  a t t a i n e d .  The i n t e r ­
n a l  t e m p e r a t u r e  o f  the  a b s o r p t i o n  tu b e  was measured by a n  i c e - w a t e r  
r e f e r e n c e d  Chromel-Alumel  the rm ocoup le  which used a Leeds and 
N o r th r u p  p o t e n t i o m e t e r .
Flow Rate  of  the  A i r s t r e a m
The f low  r a t e  o f  the  a i r s t r e a m  must be o p t im iz e d  w i t h  r e s p e c t  
t o  a t o m i z e r  e f f i c i e n c y  and the  mean f r e e  l i f e t i m e s  o f  t h e  m e t a l l i c  
a toms,  As h a s  been d i s c u s s e d  p r e v i o u s l y ,  a r a t e  o f  f low t h a t  i s  
e i t h e r  to o  f a s t  o r  too  slow can  s e r i o u s l y  d eg rad e  th e  s e n s i t i v i t y  
o f ' t h e  i n s t r u m e n t .
The r e s u l t s  o f  t h e  s t u d y  a r e  shown i n  F i g u r e  85 (T ab le  5 0 ) .
The f low r a t e  was v a r i e d  from 0 . 6 8  to  1 . 5 5  l i t e r s  p e r  m in u te .  Maxi­
mum a b s o r p t i o n  o c c u r re d  a t  t h e  h i g h e s t  f lo w  r a t e .  The s i g n a l  ob­
t a i n e d  a t  t h i s  r a t e  o f  f low  was u n s t a b l e ,  and i n s p e c t i o n  o f  t h e  a b ­
s o r p t i o n  tube  r e v e a l e d  d u s t  blown o f f  t h e  c a r b o n  ro d s  and i n t o  t h e  
l i g h t  p a t h .  As t h i s  v a l u e  d e p a r t e d  m arked ly  from t h e  o b se rv ed  t r e n d ,  
t h e  c a r b o n  d u s t  was c o n s i d e r e d  t o  be t h e  c a u s e  o f  some o f  t h e  a d d i ­
t i o n a l  a b s o r p t i o n  and i n s t a b i l i t y .  T h e r e f o r e ,  t h e  v a l u e  o f  1 . 2  
V i t e r s  p e r  minu te  was chosen  a s  the  optimum v a lu e  f o r  t h i s  i n s t r u m e n ­
t a l '  p a r a m e t e r .
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35. CADMIUM ABSORPTION AS A FUNCTION OF THE FLOW
RATE OF THE AIRSTREAM
\  = 2288& 
RF power = 3*0 kva
_________~J.______  - X .
0.7 0.0 1.1 1.3
FLOW RATE LIT. /MIN.
2 2 8
TABLE 5 0 . A s tu d y  of  cadmium a b s o r p t i o n  a s  a f u n c t i o n  o f  a i r  
f low r a t e .
Flow R a te  -  l i t e r s / m i n  P e r  c e n t  A b s o r p t i o n
0.68  12
0 .7 8  15
0 .8 8  18
1 . 10 25
1 .1 5  25
1 .2  25
1 .3 5  30
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flow r a t e  seemed t o  be th e  mean f r e e  l i f e t i m e  o f  t h e  a tom s .  At  th e  
lower  f low r a t e s ,  cadmium may have  tended  t o  become o x i d i z e d  o r  to  
have  been  ad so rb ed  on th e  s u r f a c e  o f  the  a b s o r p t i o n  tube  b e f o r e  a b ­
s o r p t i o n  o f  l i g h t  co u ld  o c c u r .  Cadmium i s  l e s s  c h e m i c a l ly  s t a b l e  
t h a n  mercury  and l e s s  a b l e  to  s t a b i l i z e  a n -b o n d in g  complex w i t h  
c a r b o n  monoxide th a n  l e a d ,  so t h e  d im in i s h e d  f r e e  a tomic  l i f e t i m e  i s  
no t .  u n e x p e c t e d . H ig h e r  f low r a t e s  w o u ld ,  how ever ,  y i e l d  u n s t a b l e  and 
e r r o n e o u s  a b s o r p t i o n  s i g n a l s ,  and would i n t r o d u c e  th e  p o s s i b i l i t y  of  
d i m in i s h e d  a t o m i z a t i o n  e f f i c i e n c y ,  t h e r e f o r e  a l l o w i n g  u n r e a c t e d  
oxygen t o  p a s s  i n t o  t h e  a b s o r p t i o n  tu b e  and o x i d i z e  th e  m e ta l  a tom s .  
The above f a c t o r s  would s e r i o u s l y  d eg ra d e  t h e  s e n s i t i v i t y  o f  t h e  
i n s t r u m e n t ,  so h i g h e r  f low r a t e s  w ere  n o t  u s e d .
C a l i b r a t i o n  of t h e  I n s t r u m e n t
The re  were  no s t a b l e  l i q u i d  compounds o f  cadmium a v a i l a b l e ;  
t h e r e f o r e ,  t h e  i n s t r u m e n t  co u ld  n o t  be  c a l i b r a t e d  w i t h  r e s p e c t  t o  
cadmium i n  t h e  same manner as had been  done w i t h  l e a d  and m ercu ry .
One o f  t h e  more v o l a t i l e  cadmium compounds,  t h e  c h l o r i d e ,  was used 
i n  c o n j u n c t i o n  w i t h  th e  i n j e c t i o n  h e a t e r  f o r  c a l i b r a t i o n  i n  a manner 
a n a lo g o u s  t o  t h e  i n v e s t i g a t i o n  o f  c h e m ic a l  i n t e r f e r a n t s  d e s c r i b e d  i n  
t h e  p r e v i o u s  s e c t i o n s .
Cadmium c h l o r i d e  was p l a c e d  i n  a p o r c e l a i n  b o a t  and p l a c e d  i n t o  
t h e  i n j e c t i o n  h e a t e r  d e s c r i b e d  p r e v i o u s l y .  The i n s t r u m e n t a l  p a r a ­
m e te r s  w ere  a d j u s t e d  t o  t h e i r  p r e v i o u s l y  d e t e r m in e d  optimum v a l u e s  
and t h e  t e m p e r a t u r e  o f  th e  h e a t e r  was e l e v a t e d  u n t i l  a r e a s o n a b l e  
a b s o r p t i o n  s i g n a l  was o b s e r v e d .  When a s t e a d y  s i g n a l  was o b s e r v e d ,  
t h e  power s e t t i n g  was no ted  and a d e t e r m i n a t i o n  o f  t h e  r e p r o d u c i b i l i t y
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o f  th e  s i g n a l  was made. This  was done fo r  s e v e r a l  l e v e l s  o f  cadmium 
i n j e c t i o n s  in  o r d e r  t h a t  a c a l i b r a t i o n  graph cou ld  be drawn from th e  
d a t a .
The i n j e c t i o n  h e a t e r  was removed from th e  i n s t ru m e n t  and p la ce d  
w i t h i n  a l a b o r a t o r y  hood sys tem .  The p r e v i o u s l y  mentioned tem p e ra ­
t u r e s  were d u p l i c a t e d .  A i r  was p a ssed  th rough th e  i n j e c t o r  a t  1 . 2  
l i t e r s  p e r  minute  and th rough a s e r i e s  o f  d i l u t e  n i t r i c  a c id  s c r u b ­
b e r s  f o r  p e r io d s  of  one to  too  weeks .  The flow r a t e  was m oni to red  
and found to  be c o n s t a n t  over t h e  c a l i b r a t i o n  p e r i o d s .  The s c r u b ­
b in g  s o l u t i o n s  were  th e n  ana lyzed  by a tomic  a b s o r p t i o n  and th e  con­
c e n t r a t i o n  of  cadmium in  th e  a i r s t r e a m  was d e te r m in e d .  The p rocedure  
was c a r r i e d  o u t  a t  s e v e r a l  i n j e c t i o n  l e v e l s .
A composi te  o f  a c a l i b r a t i o n  ru n  i s  d e p i c t e d  in  F ig u r e  8 6 ,  the  
c a l i b r a t i o n  graph i s  shown in  F i g u r e  87 (Table  51 )* The graph  was 
l i n e a r  a t  th e  l e v e l s  u s e d ,  and t h e  range  covered  those  l e v e l s  a t  
which cadmium i s  found in  the  a tm osphere .
P r e c i s i o n  o f  t h e  In s t ru m e n t
The p r e c i s i o n  o f  an a n a l y t i c a l  t e ch n iq u e  or  i n s t ru m e n t  i s  o f  
major  im por tance  i n  d e te r m in in g  t h e  v a l i d i t y  of  the  i n f o r m a t io n  
d e r i v e d .  The p r e c i s i o n  of t h e  i n s t r u m e n t  f o r  cadmium i s  shown ill 
Tab les  52 ,  53 a °d Tb can be no ted  t h a t  w h i l e  t h i s  p r e c i s i o n  does
n o t  match t h a t  found in  the  l i q u i d  i n j e c t i o n s  o f  th e  p r e c e e d in g  
s e c t i o n s ,  i t  does  c o r re sp o n d  v e ry  w e l l  w i th  t h o s e  l e v e l s  found when 
u s i n g  t h e  s o l i d  i n j e c t i o n  in  t h e  i n v e s t i g a t i o n  o f  chemica l  i n t e r ­
f e r e n c e .  The l e v e l  o f  p r e c i s i o n  found u s i n g  t h i s  t e c h n iq u e  i s  e q u a l ,  








100 X = 22885 
RF power = J.O  kva 








sample o f f
sample on
sample 
  o f f

























TABLE 5 1 . The c a l i b r a t i o n  o f  the  i n s t r u m e n t  w i t h  r e s p e c t  t o  
cadmium.
C o n c e n t r a t i o n  P e r  c e n t  A b s o r p t i o n  Absorbance
M-g/m3
O.9 8  kO 0 .2 2 1
2 .5 1  69 0 .5 0 9
k .h2 88 0,921
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TABLE 52 .  A s tudy  of
O.98 Hg/m3
the  p r e c i s i o n  of  the  i n j e c t i o n  of  
of  cadmium c h l o r i d e .
Run Number Per  c e n t  A b so rp t io n Absorbance
1 38 0 .2 0 8
2 ia 0 .2 2 9
3 38 0 .2 0 8
l* 1|2 0.237
5 ia 0 .229
avg.  = 0 .2 2 1
a = 0 .0 1 3
TABLE S3. A s tu d y  of 
2 .5 1  p-g/m3
the p r e c i s i o n  of  the  
of  cadmium c h l o r i d e .
i n j e c t i o n  o f
Run Number P e r  c e n t  A b so rp t io n Absorbance
1 72 0 .553




avg. =. 0 .5 0 9  
a = 0 .0 2 5
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TABLE 5 ^ . A s tudy  o f  th e  p r e c i s i o n  of  the  i n j e c t i o n  o f  
k--.h-2 M.g/m3 o f  cadmium c h l o r i d e .
Run Number P e r  c e n t  A b so rp t io n Absorbance
1 88 0 .9 2 0
2 89 0 .9 5 7
3 88 0 .9 2 0
k 87 0 .8 8 6
5 88 0 .9 2 0
avg .  = 0-921  
o  = 0.028
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p r e s e n t .  A t t h e s e  l e v e l s ,  a f i f t y  p e r  c e n t  c o n c e n t r a t i o n  e r r o r  would 
n o t  be  i n t o l e r a b l e .
D e t e c t i o n  L i m i t s  
Due t o  th e  method used  in  t h e  c a l i b r a t i o n  i n j e c t i o n  and t h e  
a c c u r a c y  and s e n s i t i v i t y  o f  the  a n c i l l a r y  eq u ip m e n t ,  no d i r e c t  d e ­
t e r m i n a t i o n  o f  t h e  s e n s i t i v i t y  l i m i t s  was p o s s i b l e .  The d e t e c t i o n  
l i m i t  o f  t h e  i n s t r u m e n t  can  be e s t i m a t e d  w h i l e  u s i n g  an a tm o s p h e r i c  
s am p le .  A l a t e r  s e c t i o n  p r e s e n t s  t h e s e  d a t a .
S c r u b b in g  Agents  f o r  Cadmium 
Due t o  t h e  i n j e c t i o n  a p p a r a t u s  used  f o r  cadmium, t h e  s c r u b b i n g  
a g e n t s  were  i n v e s t i g a t e d  u s i n g  an a tm o s p h e r i c  sample .  As a r e s u l t ,  
t h e  d a t a  t a k e n  f o r  t h e  i n v e s t i g a t i o n  o f  s c r u b b i n g  a g e n t s  w ere  used 
f o r  t h e  d i r e c t  d e t e r m i n a t i o n  o f  a tm o s p h e r i c  cadmium.
The i n s t r u m e n t  was s e t  up f o r  t h e  s c r u b b e r  i n v e s t i g a t i o n  i n  the  
f o l l o w i n g  manner .  The a i r  com presso r  mentioned  p r e v i o u s l y  was 
a t t a c h e d  t o  t h e  i n l e t  m a n i fo ld  and was a d j u s t e d  to  pa ss  l a b o r a t o r y  
a i r  th ro u g h  t h e  i n s t r u m e n t  a t  1 . 2  l i t e r s  pe r  m in u te .  The a i r s t r e a m  
c o u ld  be made to  p a s s  th ro u g h  o r  bypass  t h e  s c r u b b i n g  a g e n t s  a t  p o r t  
2 .  The a i r s t r e a m  was r o u t e d  th rough  th e  a b s o r p t i o n  tube  o r  dumped 
i n t o  t h e  e x h a u s t  sy s te m  a t  p o r t  3 *
The i n s t r u m e n t  was a d j u s t e d  t o  z e r o  a b s o r p t i o n  w i t h  th e  a i r  
f low  b y p a s s i n g  t h e  s c r u b b e r  and th e  a b s o r p t i o n  t u b e .  The s t r e a m  was 
t h e n  r o u t e d  th ro u g h  t h e  a b s o r p t i o n  tu b e  where  t h e  c h a r a c t e r i s t i c  
s u r g e  which t a p e r e d  down t o  an  e q u i l i b r i u m  a b s o r p t i o n  s i g n a l  was 
o b s e r v e d .  A f t e r  a s t e a d y  s i g n a l  was o b t a i n e d ,  the  a i r s t r e a m  was 
r o u t e d  th ro u g h  t h e  s c r u b b e r \ t h e  s i g n a l  d e c r e a s e d ,  and a f t e r  a s t e a d y
2 5 7
value,  was n o t e d ,  th e  s c r u b b e r  was bypassed  and t h e  a b s o r p t i o n  s i g n a l  
r o s e  to  i t s  o r i g i n a l  v a l u e .  The a i r s t r e a m  was t h e n  d i v e r t e d  t o  by­
p a ss  t h e  a b s o r p t i o n  tube  and t h e  a b s o r p t i o n  s i g n a l  f e l l  t o  z e r o .
Due to  t h e  c o n t a m i n a t i o n  o f  th e  a p p a r a t u s  mentioned p r e v i o u s l y ,  
which c o u ld  n o t  be r e m e d ied ,  t h e  a b s o r p t i o n  s i g n a l  obse rved  when the  
s c r u b b e r s  were  on l i n e  was n o t  t h e  a e r o  a b s o r p t i o n  observed  when no 
a i r  was f lo w in g  th ro u g h  the a b s o r p t i o n  tu b e .  However,  the  sc rubbed  
s i g n a l  was i d e n t i c a l  to  t h a t  o b s e r v ed  when th e  a p p a r a t u s  was r u n  on 
the  p r e - s c r u b b e d  a i r  from the  compressed a i r  t a n k .  The r e m a in d e r  o f  
t h e  o b se rv ed  s i g n a l  o r i g i n a t e d  f rom the  ca rb o n  ro d s  o r  from c o n ta m i ­
n a t i o n  of. th e  i n s t r u m e n t .
S t e r n  (Hk) s u g g e s t e d  u se  o f  a d i l u t e  n i t r i c  a c i d  s o l u t i o n  a s  a 
s c r u b b i n g  a g e n t  f o r  most  m e t a l l i c  compounds.  A t e n t h  normal s o l u ­
t i o n  o f  n i t r i c  a c i d  was p r e p a r e d ,  p l a ce d  i n  one o f  the  g l a s s  s c r u b b in g  
u n i t s  and a t t a c h e d  t o  the  m a n i fo ld  a t  p o r t  2 .  The m a n i p u l a t i o n s  
d e s c r i b e d  above were  pe r fo rm ed  and th e  r e s u l t s  a r e  shown in  F i g u r e  
8 8 . An i n i t i a l  r u n  was made w i t h  p re sc ru b b e d  tank  a i r  to  a s c e r t a i n  
t h e  l e v e l  of  r e s i d u a l  i n s t r u m e n t a l  c o n t a m i n a t i o n .
W ith  th e  i n i t i a l  s i g n a l  s e t  a t  z e ro  a b s o r p t i o n ,  the  t a n k  a i r  
f low was i n i t i a t e d  a t  1 .2  l i t e r s  p e r  m in u te ,  t h e  a b s o r p t i o n  s i g n a l  
e x h i b i t e d  th e  now c h a r a c t e r i s t i c  su rge  peak which  g r a d u a l l y  t a p e r e d  
t o  a s t e a d y  s i g n a l  o f  ten  p e r  c e n t  a b s o r p t i o n .  L a b o r a t o r y  a i r  was 
t h e n  p a s s e d  th ro u g h  th e  i n s t r u m e n t  a l s o  a t  1 .2  l i t e r s  pe r  m i n u t e .
The s u r g e  peak  t a p e r e d  to  an e q u i l i b r i u m  v a l u e  which  v a r i e d  a c c o r d i n g  
t o  t h e  am bien t  cadmium c o n c e n t r a t i o n ,  bu t  a v e r ag e d  around tw e n ty  pe r  
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s o l u t i o n  and th e  s i g n a l  f e l l  t o  th e  l e v e l  o f  the  i n i t i a l  run  which 
represented t h e  r e s i d u a l  c o n t a m i n a t i o n  o f  t h e  i n s t r u m e n t .  For a l l  
p r a c t i c a l  p u r p o s e s ,  n i t r i c  a c i d  removed t h e  cadmium from a i r s t r e a m  
to  a l e v e l  be low the d e t e c t i o n  l i m i t s  o f  t h e  i n s t r u m e n t .
A c t i v a t e d  c h a r c o a l  had been used w i t h  e x c e l l e n t  r e s u l t s  i n  t h e  
p r e c e e d in g  i n v e s t i g a t i o n s  and i t s  e f f i c i e n c y  j u s t i f i e d  i t s  i n v e s t i ­
g a t i o n  in  t h i s  c a s e .  The c h a r c o a l  was a c t i v a t e d  a t  two hundred 
deg rees  c e n t i g r a d e  f o r  tw e lve  h o u r s ,  was p l a c e d  in  a g l a s s  t h i s t l e  
tube  and a t t a c h e d  a t  p o r t  5 i n  the  same manner  d e s c r i b e d  p r e v i o u s l y .  
The same p r o c e d u r e  d e s c r i b e d ' f o r  n i t r i c  a c i d  was employed f o r  
a c t i v a t e d  c h a r c o a l .  To i n s u r e  a v a l i d  b a s i s  f o r  c o m p a r i so n ,  the  
s c r u b b in g  a g e n t s  employed i n  t h i s  s tu d y  \ ; e r e  a l t e r n a t e d .  The r e ­
s u l t s  of  t h e  c h a r c o a l  s c r u b b i n g  s tudy  a r e  shown in  F i g u r e  8 9 . T h i s  
p a r t i c u l a r  s e t  o f  d a ta  was t a k e n  im m e d ia te ly  a f t e r  t h e  n i t r i c  a c id  
s tu d y  p r e s e n t e d  above.
The t a n k  a i r  s i g n a l  a g a i n  s t a b i l i z e d  a t  t e n  p e r  c e n t  a b s o r p t i o n  
i n  the  r e c h e c k  of r e s i d u a l  a b s o r p t i o n ,  and the  l a b o r a t o r y  a i r  s i g n a l  
a l s o  s t a b i l i z e d  a t  tw en ty - tw o  per  c e n t  a b s o r p t i o n .  In  a s i m i l a r  
manner t h e  s i g n a l  f e l l  back  t o  t e n  pe r  c e n t  when t h e  a i r  f low was 
r o u te d  th r o u g h  th e  s c r u b b e r ,  th e n  r o s e  t o  i t s  o r i g i n a l  v a lu e  when 
the  s c r u b b e r  was b y p a sse d .  W i th in  th e  a c c u r a c y  and d e t e c t i o n  l i m i t s  
o f  the  i n s t r u m e n t ,  a c t i v a t e d  c h a r c o a l  seems to  be e q u a l l y  e f f e c t i v e  
a s  n i t r i c  a c i d  as  a s c r u b b i n g  a g en t  f o r  cadmium.
The d a t a  taken  in  t h e  i n v e s t i g a t i o n  o f  s c r u b b i n g  a g e n t s  a l s o  
conf i rmed  t h e  c a p a b i l i t y  o f  t h e  i n s t r u m e n t  to d i r e c t l y  d e te rm in e  t h e  
l e v e l  o f  cadmium p o l l u t i o n  o f  the  a tm o s p h e re .  Th is  was the  o r i g i n a l
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i n t e n t  o f  the  p r o j e c t ,  and the  d a t a  d e m o n s t ra t e  i t s  s u c c e s s .
A s e r i e s  of  a tm o sp h er i c  cadmium d e t e r m i n a t i o n s  was performed 
u s i n g  bo th  n i t r i c  a c id  and c h a r c o a l  as th e  s c ru b b in g  a g e n t s  f o r  
o b t a i n i n g  the  ze ro  a i r  sample and T ab le  55 p r e s e n t s  th e  summary o f  
t h e s e  d e t e r m i n a t i o n s .
The l e v e l s  found a r e  h ig h e r  than  th o s e  found in  t h e  average  
u rb a n  e n v i ronm en t ,  bu t  i s  l e s s  than  th e  maximum l e v e l s ,  and w e l l  
below th o s e  l e v e l s  found in  an i n d u s t r i a l  environment  where cadmium 
i s  i n  u se .  The observed  l a b o r a t o r y  l e v e l s  were assumed to  have been 
caused  by the  r a t h e r  heavy use  of cadmium and i t s  compounds w i t h i n  
the  c o n f i n e s  o f  the  l a b o r a t o r y .
The s e n s i t i v i t y  o f  an i n s t r u m e n t  i s  o f t e n  d e f in e d  as  t h a t  con­
c e n t r a t i o n  which c au se s  an a b s o r p t i o n  s i g n a l  o f  one per  c e n t .  Th is  
l i m i t  cou ld  n o t  be de te rm ined  w i th  any deg ree  o f  a c c u ra cy  u s in g  a 
m easured ,  d i r e c t  i n j e c t i o n  o f  cadmium. However,  t h i s  l i m i t  could  be 
approx im ated  by d i l u t i o n  o f  the  sample o f  l a b o r a t o r y  a i r  w i th  a i r  
from th e  compressed a i r  t a n k .
The i n l e t  m anifo ld  was s e t  up and the  d e t e r m i n a t i o n  performed 
in  the  fo l l o w i n g  manner (F ig .  9 0 )* F i r s t ,  scrubbed t a n k  a i r  was 
passed  th rough  th e  in s t ru m e n t  a t  1 . 2  l i t e r s  p e r  minute  t o  de te rm ine  
the  r e s i d u a l  c o n t a m i n a t i o n  r e a d i n g .  L a b o r a to r y  a i r  was t h e n  passed  
th rough  the  i n s t r u m e n t  a t  1 . 2  l i t e r s  p e r  m inu te ,  i n s e r t i n g  and by­
p a s s i n g ,  a s c r u b b e r  to  d e te rm ine  th e  a tm o sp h er i c  cadmium c o n c e n t r a ­
t i o n  o f  0 .1 8  micrograms per c u b ic  m e te r .  F i n a l l y ,  l a b o r a t o r y  a i r  
was passed  i n t o  the  m an ifo ld  a t  1 . 2  l i t e r s  p e r  m inu te .  A s c r u b b e r  
was i n s t a l l e d  a t  p o r t  5- Tank a i r  was passed  th rough  a s c ru b b e r
242
TABLE 5 5 . A s tudy  of  th e  d e t e r m i n a t i o n  of cadmium in  the  
l a b o r a t o r y  a tm osphere .
Date Absorbance C o n c e n t r a t i o n
iig/m3
4-15 -70  0 .0 6 2  0 . 2 7
4 - 20-70 0 .0 4 0  0 .1 8
4 -24 -70  0 .0 6 6  0 .2 9
Sh3
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and i n t o  t h e  m a n i fo ld  a t  p o r t  2 a t  8 .5  l i t e r s  p e r  m in u te ;  th e  
cadmium c o n c e n t r a t i o n  was th e n  0 . 0 2  micrograms p e r  c u b i c  m e t e r .  The 
m a j o r i t y  o f  the  a i r  f low was dumped i n t o  th e  e x h a u s t  sy s tem  a t  p o r t  
o n e ,  1 .2  l i t e r s  p e r  minute  was a l lowed  t o  pass  th rough  th e  a b s o r p t i o n  
t u b e .
When th e  l a b o r a t o r y  a i r  was p a ssed  th ro u g h  i t s  s c r u b b e r ,  an  
a b s o r p t i o n  s i g n a l  com parab le  t o  the  r e s i d u a l  a b s o r p t i o n  s i g n a l  was 
o b s e r v e d .  The s c r u b b e r  was bypassed  and an i n c r e a s e  in  t h e  a b s o r p ­
t i o n  s i g n a l  o f  one p e r  c e n t  was observed  (F ig .  91)*
A n o th e r  measure  o f  t h e  s e n s i t i v i t y  o f  a method i s  th e  s m a l l e s t  
amount o f  a s u b s t a n c e  t h a t  can  be d e t e c t e d .  The volume o f  a i r  
o b s e r v e d  i n  the  a b s o r p t i o n  tu b e  a t  any one t ime i s  180 m i l l i l i t e r s .
I f  t h e  cadmium c o n c e n t r a t i o n  o f  th e  a i r s t r e a m  were 0 . 0 2  
micrograms pe r  c u b ic  m e t e r ,  th e  amount o f  cadmium o bse rved  a t  any 
one t im e  was If x 10 12 grams.  T h is  can  be t a k e n  as  a measure  o f  the  
s e n s i t i v i t y  o f  t h e  method.
A i r  p o l l u t a n t  c o n c e n t r a t i o n  i s  o f t e n  e x p r e s s e d  i n  p a r t s  per  
m i l l i o n ,  o r  i n  p a r t s  pe r  b i l l i o n .  The s e n s i t i v i t y  l i m i t  o f  0 .0 2  
mic rogram s p e r  c u b i c  mete r  can  a l s o  be- e x p r e s s e d  as 0 .000004  p a r t s  
p e r  m i l l i o n  o r  0 .0 0 4  p a r t s  p e r  b i l l i o n .
I n t e r f e r e n c e s
Atomic a b s o r p t i o n  i s  an  a n a l y t i c a l  t e c h n iq u e  t h a t  i s  r e l a t i v e l y  
f r e e  o f  i n t e r f e r e n c e s ,  how ever ,  th o s e  which might  be p r e s e n t  must be 
i n v e s t i g a t e d .  E x c i t a t i o n  and r a d i a t i o n  i n t e r f e r e n c e s ,  w h ich  a r e  
p e c u l i a r  to  f lame  type  a t o m i z e r s  were a v o id e d  by i n s t r u m e n t a l  d e s i g n .  
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flame a t o m i z e r s ;  the  com parab ly  low t e m p e r a t u r e  of t h e  g r a p h i t e  
a to m iz e r  a c t e d  to  p r e v e n t  t h i s  type  of  i n t e r f e r e n c e .  R a d i a t i o n  i n ­
t e r f e r e n c e  was a l l e v i a t e d  by i n s t r u m e n t a l  d e s ig n  which k e p t  the 
a t o m i z e r  o u t  o f  the  l i g h t  p a t h  o f  the  i n s t r u m e n t ,  and t h e  use  o f  an 
a . c .  a m p l i f i e r  which a l lowed t h e  i n s t r u m e n t  to  d i f f e r e n t i a t e  be tween 
t h e  modu la ted  l i g h t  so u rc e  and any unmodula ted l i g h t  o r i g i n a t i n g  i n  
t h e  a b s o r p t i o n  t u b e .
Chemical I n t e r f e r e n c e
V ar ied  forms of  cadmium p o l l u t e  the  a tmosphere  and a t e ch n iq u e  
o r  i n s t r u m e n t  d e s ig n e d  f o r  a tm o s p h e r i c  a n a l y s i s  must be a b l e  to  
d e t e r m in e  t h e  c o n c e n t r a t i o n  o f  p o l l u t a n t  r e g a r d l e s s  o f  chemica l  
fo rm.  Atomic  a b s o r p t i o n  has  been  shown to  s u f f e r  i n t e r f e r e n c e  
a r i s i n g  from th e  chem ica l  fo rm o f  the  a n a l y t e ,  t h e r e f o r e ,  a n . i n ­
v e s t i g a t i o n  on t h e  e f f e c t s * o f  th e  chem ica l  form of  cadmium was u n d e r ­
ta k e n .  I t  s h o u ld  be no ted  t h a t  w h i l e  t h e  knowledge o f  t h e  chemica l  
form o f  a p o l l u t a n t  would be v a l u a b l e  i n f o r m a t i o n  to  t h e  e n v i r o n ­
m e n t a l i s t ,  a to m ic  a b s o r p t i o n  i s  n o t  t r a d i t i o n a l l y  u s e f u l  f o r  
o b t a i n i n g  t h i s  type  of i n f o r m a t i o n .
The c h em ica l  i n t e r f e r e n c e s  were i n v e s t i g a t e d  i n  a manner s i m i ­
l a r  to  t h e  method used f o r  th e  s a l t s  of l e a d  and m ercu ry .  The s o l i d  
i n j e c t i o n  h e a t e r  d e s c r i b e d  p r e v i o u s l y  was used  f o r  t h i s  pu rpose .  A 
p o r c e l a i n  b o a t  was f i l l e d  w i t h  the  cadmium s a l t  and p l a c e d  w i t h i n  
t h e  f u r n a c e ,  t h e  t e m p e r a t u r e  o f  the  s y s te m  was e l e v a t e d  u n t i l  a 
r e a s o n a b l e  and s t a b l e  a b s o r p t i o n  s i g n a l  was o b s e r v e d .  The power was 
c u t ,  t h e  b o a t  removed and t h e  s i g n a l  was a l low ed  to  r e t u r n  t o  z e r o .  
The power was r e t u r n e d  t o  t h e  p r e v io u s  l e v e l  and th e  r e s u l t a n t
2 k j
a b s o r p t io n  s ig n a l  was o b serv ed  fo r  r e p r o d u c i b i l i t y .
The i n j e c t i o n  a p p a r a t u s  was th e n  removed from t h e  sys tem  and 
th e  b o a t  a g a i n  p la ce d  w i t h i n  the  h e a t e r .  The p r e v i o u s  t e m p e ra tu re  
was d u p l i c a t e d ,  a i r  was passed  ove r  the  b o a t  a t  t h e  same r a t e  a s  the  
a n a l y t i c a l  s t r e a m  f o r  a p e r io d  of weeks and th e  cadmium was c o l l e c t e d  
w i t h  d i l u t e  n i t r i c  a c i d  s c r u b b e r s .  The s c r u b b i n g  s o l u t i o n  was 
a n a ly z e d  by a to m ic  a b s o r p t i o n  and the  c o n c e n t r a t i o n  o f  cadmium p u t  
i n t o  the  a i r s t r e a m  was c a l c u l a t e d .  The b o a t  was once more p l a c e d  
i n s i d e  the  i n j e c t i o n  h e a t e r  and th e  a b s o r p t i o n  s i g n a l  was n o te d  f o r  
s t a b i l i t y  and r e p r o d u c i b i l i t y .  T h i s  a l low ed  t h e  a s su m p t io n  t h a t  th e  
i n j e c t i o n  was c o n s t a n t .
The c h l o r i d e  o f  cadmium was used  p r e v i o u s l y  a s  th e  means o f  
c a l i b r a t i o n  o f  t h e  i n s t r u m e n t .  In a d d i t i o n ,  th e  s u l f i d e  and s u l f a t e  
and n i t r a t e  were  used f o r  i n t e r f e n c e  s t u d i e s .  A t y p i c a l  r u n  f o r  the  
n i t r a t e  i s  shown i n  F i g u r e  92 .  When the  b o a t  was p l a c e d  w i t h i n  the  
h e a t e r ,  th e  s i g n a l  s lo w ly  r o s e  u n t i l  an e q u i l i b r i u m  v a lu e  was ob­
s e r v e d .  When power was' i n t e r r u p t e d  and th e  b o a t  was removed, th e  
a b s o r p t i o n  s i g n a l  q u i c k l y  f e l l  to  z e r o .  S t u d i e s  a t  the  n ea rb y  22 
l i n e  p r e s e n t e d  no e v id e n c e  o f  m o le c u l a r  a b s o r p t i o n  by any o f  t h e s e  
compounds.
The d a t a  o b t a i n e d  i n  t h e s e  s t u d i e s  a r e  p r e s e n t e d  in  T a b le  56 .
For  th e  p u rp o s e  o f  e v a l u a t i n g  chem ica l  i n t e r f e r e n c e ,  th e  a b s o r p t i o n  
s i g n a l  i s  p l o t t e d  v e r s u s  c o n c e n t r a t i o n  i n j e c t e d  a lo n g  w i t h  the  
c a l i b r a t i o n  d a t a  o b t a i n e d  p r e v i o u s l y  in  F i g u r e  95* A l l  o f  t h e  s a l t s  
f e l l  a lo n g  t h e  p r e v i o u s l y  d e te rm in e d  c a l i b r a t i o n  l i n e  and ,  a s  su c h ,  








FIGURE 9 2 . ABSORPTION DUE TO THE INJECTION OF CADMIUM NITRATE
X = 2288&
RF power = 3 . 0  kva 
a i r  f low r a t e  = 1 .2  l /min.  
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TABLE 5 6 . The i n t e r f e r e n c e  e f f e c t  o f  v a r i o u s  a n io n s  on cadmium 
a b s o r p t i o n .
Anion Absorbance  C o n c e n t r a t i o n
M-g/m3
N i t r a t e  0 .3 ^ 7  1 .6 7
S u l f i d e  0 .2 6 0  . 1 . 2 3
S u l f a t e  0 .125  0 .5 9
FIGURE 9 3 .  THE CALIBRATION GRAPH OF CADMIUM WITH ALL
SALTS STUDIED






th e  d a t a  t a k e n  i n  t h i s  s e c t i o n  s e rv ed  as a f u r t h e r  c a l i b r a t i o n  of 
t h e  i n s t r u m e n t .
The p r e c i s i o n  o f  t h e s e  i n j e c t i o n s  i s  shown in  T a b le  57- As was 
the  c a s e  f o r  the  i n j e c t i o n  o f  a l l  the  s a l t s  s t u d i e d  i n  t h i s  r e s e a r c h ,  
t h e s e  i n j e c t i o n s  d id  n o t  -have th e  p r e c i s i o n  o f  the  v apo r  d i f f u s i o n  
i n j e c t i o n s .  The r e a s o n s  f o r  t h i s ,  c o n t r o l  o f  t e m p e r a t u r e ,  e t c . ,  
have been mentioned  and d i s c u s s e d  i n  p r e v i o u s  s e c t i o n s ,
M o le c u la r  I n t e r f e r a n t s
The d i r e c t  a n a l y s i s  o f  t h e  a tm osphere  o f f e r s  no p r e - t r e a t m e n t  
t h a t  can  e l i m i n a t e  any a tm o s p h e r i c  i n t e r f e r e n c e s  which m igh t  be p r e ­
s e n t ,  The p o l l u t a n t s  i n  our  a tm osphere  r a n g e  from condensed  p o ly -  
n u c l e a r  h y d ro c a rb o n s  to  f r e e  m e ta l  atoms and any t e c h n i q u e  d es igned  
f o r  a tm o s p h e r i c  a n a l y s i s  must be a b l e  to  f u n c t i o n  in  t h e  p r e s e n c e  of  
f o r e i g n  s p e c i e s .  A c c o r d i n g ly  an  i n v e s t i g a t i o n  of  some o f  t h e  o t h e r  
p o s s i b l e  i n t e r f e r a n t s  was u n d e r t a k e n .
Many o r g a n i c  compounds from v a r i o u s  s o u r c e s  a r e  found i n  the  
a tm osphere  and i n t e r f e r e n c e s  from t h i s  s o u r c e  must be a n t i c i p a t e d  
i f .  n o t .  o b s e r v e d .
I n  a d d i t i o n ,  w o rk e r s  i n  t h i s  l a b o r a t o r y  have  found t h a t  mole­
c u l a r  f r a g m e n t s  from o r g a n i c  s o l v e n t s  can p roduce  i n t e r f e r e n c e s  in  
f lame a t o m i z e r s  used i n  normal a tom ic  a b s o r p t i o n  s p e c t r o s c o p y .  The 
c o n c e n t r a t i o n  o f  a tm o s p h e r i c  o r g a n i c ,  how ever ,  does n o t  app roach  
t h e  l e v e l s  used i n  f lam e  a t o m i z e r s .
The s tu d y  o f  m o l e c u l a r  i n t e r f e r e n c e s  from o r g a n ic  compounds i n  
cadmium was performed i n  much th e  same way as  the  s i m i l a r  s t u d i e s  
o f  l e a d  and m ercury .  The a r ra n g em en t  o f  t h e  i n l e t  m a n i f o ld  i s  shown
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TABLE 5 7 . A s tu d y  o f  th e  p r e c i s i o n  o f  th e  i n j e c t i o n  of  v a r i o u s  
cadmium compounds.
Run Number P e r  c e n t  A b s o r p t i o n  Absorbance
N i t r a t e  a v g .  -  O . j h j  o = 0 .0 1 8  1 . 6 j  jig/m3
1  56 0.556
2 54 0 .5 5 7
3 58 0 .5 7 6
4 56 0 .5 5 6
5 54 0 . 5 5 7
S u l f i d e  a v g .  = 0 .2 6 0  cr = 0 .0I 5 1 . 2 2  vg fm3
1 45 0 .2 4 4
2 45 0.260
5 h-3 0 .2 4 4
4 47  0 .2 7 6
5 46 0 .2 6 8
S u l f a t e  a v g .  = 0 ,1 2 5  a  = 0 ,0 1 0  O.59  M'S/ 1113
1 25 ’ 0 .1 1 5
2 26 0 .1 5 1
3 27 0 .1 5 7
4 25 0 .1 2 5
5 24 0 .1 1 9
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i n  a p r e v i o u s  s e c t i o n  (F ig .  3 8 ) .  A i r  was p a sse d  i n t o  t h e  m an i fo ld  
a t  tw en ty  l i t e r s  p e r  m in u te ;  a t  p o r t  one t h e  e n t i r e  f low  was 
d i v e r t e d  t h ro u g h  a "Un shaped d e v ic e  i n  which  was mounted a r u b b e r  
sep tum ;  a Ham il ton  t e n  m i c r o l i t e r  s y r i n g e  was mounted on a motor 
d r i v e  a p p a r a t u s  and t h e  t i p  was i n s e r t e d  th ro u g h  the  septum i n t o  
t h e  a i r s t r e a m .
The s y r i n g e  was c a l i b r a t e d  and found t o  have a d e l i v e r y  r a t e  o f  
0 . 8 0  m i c r o l i t e r s  p e r  m in u te .  I f  one c o n s i d e r e d  the  d e n s i t y  o f  an 
a v e r a g e  o r g a n i c  compound to  be 0 .7 5  gtams p e r  m i l l i l i t e r ,  th e  s y r i n g e  
i n j e c t e d  6 x 10 4 grams of  l i q u i d  o r g a n i c  p e r  m inu te .  W i th  an a i r  
f-low o f  tw en ty  l i t e r s  pe r  m in u te ,  the  a p p ro x im a te  c o n c e n t r a t i o n  o f  
th e  o r g a n i c  compound in  the  a i r s t r e a m  was t h i r t y  m i l l i g r a m s  per  c u b ic  
m e t e r .  The a c t u a l  c o n c e n t r a t i o n  d i d ,  o f  c o u r s e ,  va ry  d i r e c t l y  w i th  
the :  d e n s i t y  o f  the  p a r t i c u l a r  o r g a n i c .
The m a j o r i t y  o f  the  flow was dumped i n t o  th e  e x h a u s t  sy s tem  a t  
p o r t . t h r e e ,  where  1 .2  l i t e r s  p e r  minute  w e re  a llowed to  c o n t i n u e  
th ro u g h  th e  a b s o r p t i o n  t u b e ;  t h e  cadmium sample  was th e  r e s i d u a l  
c o n t a m i n a t i o n  s i g n a l  mentioned  p r e v i o u s l y .  The a i r  f low was k e p t  
c o n s t a n t  and the  i n j e c t i o n  o f  the  o r g a n i c  compounds was i n t e r r u p t e d  
r e p e a t e d l y ;  th e  change in  a b s o r p t i o n  s i g n a l  when the  o r g a n i c  compound 
was i n j e c t e d  was r e c o r d e d  a t  t h e  2288& r e s o n a n c e  l i n e  and th e  226hR 
i o n  l i n e  and i s  g iv e n  in  T a b le  58. Any a b s o r p t i o n  o c c u r r i n g  a t  the  
fo rm er  b u t  n o t  th e  l a t t e r  would i n d i c a t e  a d d i t i o n a l  cadmium con­
t a m i n a t i o n  i n  t h e  s o l v e n t  w h i l e  a b s o r p t i o n  a t  bo th  l i n e s  would be 
c au se d  by m o le c u l a r  a b s o r p t i o n  by th e  compound i t s e l f .
M o le c u la r  a b s o r p t i o n  was observed  o n l y  in  t h e  c a s e  o f  the
2 ^ k
TABLE 5 8 . A s tu d y  of  t h e  m o le c u la r  i n t e r f e r e n c e  o f  o r g a n i c
compounds.  T h i s  t a b l e  shows the  pe r  c e n t  d e v i a t i o n  
e f f e c t e d  by the  compound.
Compound 2288& 226^R
w a t e r 0 0
hexane 0 0
h e p ta n e 0 0
i s o p r o p a n o l 0 0
n - b u t a n o l 0 0
n - b u t y l  s u l f i d e 0 0
a c e to n e 0 0
a c e t o n i t r i l e 0 0
ace tophenone 0 0
benzene 0 0
to l u e n e 0 0
bromobenzene 0 0
methyl i o d i d e 0 0
ca rb o n  t e t r a c h l o r i d e h 5
c h lo ro fo r m 2 3
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o r g a n o c h l o r i d e s , which  had e x h i b i t e d  t h i s  ty p e  o f  i n t e r f e r e n c e  in  
the  p r e v i o u s  s t u d i e s .  When th e  d e n s i t y  o f  t h e s e  compounds i s  con­
s i d e r e d ,  t h e  a c t u a l  c o n c e n t r a t i o n  was in  t h e  ne ighborhood  o f  f i f t y  
m i l l i g r a m s  pe r  c u b ic  m e t e r .  Th is  c o n c e n t r a t i o n  was much h i g h e r  than  
t h a t  n o rm a l ly  e n c o u n te r e d  in  the  a tm osphere  and no i n t e r f e r e n c e  from 
t h e s e  compounds shou ld  have  been e x p e c t e d .
I n o r g a n i c  M o lecu la r  I n t e r f e r e n c e s
T o d a y ' s  p o l l u t e d  a tmosphere  c o n t a i n s  s e v e r a l  i n o r g a n i c  g a se s  
a t :  d e t e c t a b l e  l e v e l s .  S u l f u r  d i o x i d e ,  n i t r o g e n  o x id e s ,  and hydrogen 
c h l o r i d e  a r e  on ly  a few o f  the  o x i d i z e r s  spewed by man i n t o  h i s  
e n v i ro n m e n t .  These a g e n t s  cou ld  c h e m i c a l l y  a f f e c t  an a tm o s p h e r i c  
a n a l y s i s  a s  w e l l  a s  i n t e r f e r i n g  th rough  m o le c u la r  a b s o r p t i o n .
L e c t u r e  b o t t l e s  o f  the  ga se s  were  s ec u re d  from l o c a l  s o u r c e s  
and: t h e i r  e f f e c t s  s t u d i e d .  Th is  i n v e s t i g a t i o n  was c a r r i e d  o u t  in  
the  same manner as  t h e  s i m i l a r  i n v e s t i g a t i o n s  r e g a r d i n g  l e a d  and 
m ercury .  The a i r  flo** i n t o  the  i n s t r u m e n t  was twenty  l i t e r s  pe r  
m in u te .  The f i f t y  c u b i c  c e n t i m e t e r  s y r in g e  d e s c r i b e d  p r e v i o u s l y  was 
a t t a c h e d  to  th e  motor  d r i v e  and i n c o r p o r a t e d  i n t o  the  m a n i f o ld  system 
by means o f  the  p r e v i o u s l y  d e s c r i b e d  MU,f tube  a t .  p o r t  2 .  The 
s y r i n g e  fed  the  gas  i n t o  the  a i r s t r e a m  a t  2 .8  m i l l i l i t e r s  p e r  minute 
y i e l d i n g  a c o n c e n t r a t i o n  o f  one hundred  f o r t y  p a r t s  pe r  m i l l i o n ;  t h i s  
v a lu e  b o r d e r s  on t h e  t o x i c  l e v e l s  f o r  the  g a s e s  c o n ce rn e d .
The m a j o r i t y  o f  the  flow was dumped i n t o  t h e  e x h a u s t  s y s t e m  a t  
por.t : two where 1 .2  l i t e r s  p e r  m inu te  was a l lo w ed  to  c o n t i n u e  through 
the  a b s o r p t i o n  t u b e .  The a i r  f low was h e ld  c o n s t a n t ;  th e  i n j e c t i o n  
of: t h e  gas  was i n i t i a t e d  and i n t e r r u p t e d  and any  d e v i a t i o n  was
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re c o rd e d  a t  t h e  2288& re s o n a n c e  l i n e  and th e  226hK i o n  l i n e s .
T ab le  59 p r e s e n t s  th e  r e s u l t s  o f  t h i s  s tu d y  a t  b o th  l i n e s .  
There was no e v id e n c e  o f  i n t e r f e r e n c e  o f  any form due to  th e  above 
gases  a t  t h e  l e v e l s  d e s c r i b e d  a bove .  No i n t e r f e r e n c e  from t h e s e  
so u rces  sh o u ld  be e x p e c te d  in  normal a tm o s p h e r i c  a n a l y s i s .
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TABLE 5 9 . A s t u d y  o f  the  e f f e c t s  o f  i n o r g a n i c  ga se s  on the
a b so r b a n c e  o f  cadmium. T h i s  t a b l e  g iv e s  t h e  d e v i a t i o n  
i n  p e r  c e n t  a b s o r p t i o n  e f f e c t e d  by the  g a s e s .
Compound 2288& 226kR
s u l f u r ,  d i o x i d e  . 0 0
n i t r i c  o x id e  0 0
hydrogen  c h l o r i d e  0 0
PART XI
THE DETECTION OF ORGANIC ATMOSPHERIC POLLUTANTS 
BY LASER INDUCED INFRARED FLUORESCENCE
I n t r o d u c t i o n
The c l o s e  a s s o c i a t i o n  be tween o x i d i z i n g  compounds i n  p o l l u t e d  
a i r  and t h e  o r g a n i c  p h o to c h e m ic a l  r e a c t i o n s  l e a d i n g  t o  t h e i r  p r e s e n c e  
h a s  d e v e lo p e d  g r e a t  i n t e r e s t  i n  th e  ga seous  o r g a n i c  c o n t e n t  o f  p o l ­
l u t e d  a i r .  I f  one were  t o  a t t e m p t  to  c a t a l o g u e  o r g a n ic  compounds 
which  h ave  been  o b se rv ed  o r  m ig h t  be e x p e c t e d  to  be d e t e c t a b l e  i n  
c o n ta m in a t e d  a i r ,  t h e  l i s t  would  indeed  be e x t e n s i v e .  The c o m p le x i ty  
o f  t h e  c h e m i c a l  c o m p o s i t i o n  o f  o r g a n ic  c o n t a m i n a n t s  i n  t h e  a i r  i s  c e r ­
t a i n l y  emphasized  by n o t i n g  t h e  l a r g e  v a r i e t y  o f  s o u rc e s  o f  such con ­
t a m i n a n t s  i n  t h e  a tm o s p h e re .  Man p roduces  o n l y  f i f t e e n  p e r  c e n t  of 
t h e  t o t a l  g l o b a l  e m is s io n s  o f  o r g a n ic  compounds (1 0 2 ) ,  b u t  he  i s  th e  
l e a d e r  i n  u rb a n  a r e a s .  The l e a d i n g  man-made s o u r c e  i s  t h e  p r o c e s s i n g  
and  u s e  o f  p e t r o l e u m ,  e s p e c i a l l y  g a s o l i n e  and t h e  i n t e r n a l  com bus t ion  
e n g i n e ,  which e x h a u s t s  unburned  and p a r t i a l l y  burned h y d r o c a r b o n s .  
Leakage  o r  l o s s  o f  any gas  o r  l i q u i d  f u e l ,  s o l v e n t ,  e t c . ,  would be a 
d i r e c t  s o u r c e  o f  many o r g a n i c  s p e c i e s .  I n c o m p le t e  o x i d a t i o n  and 
c r a c k i n g  o f  f u e l s  i n  c o m b u s t io n  p r o c e s s e s  c a n  le ad  to  a n o t h e r  group 
o f  compounds.  N a t u r a l  s o u r c e s  i n c l u d e  f o r e s t s  and v e g e t a t i o n ,  which 
e m i t  l a r g e  amounts o f  h y d r o c a r b o n s  o f  t h e  t e r p e n e  c l a s s ,  and b a c t e ­
r i a l  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r ,  which  p roduces  l a r g e  amounts o f  
m e th a n e .  F i n a l l y ,  t o  t h e s e  p r im ary  s o u r c e s  we add t h e  p h o to c h e m is t r y  
o f  t h e  a tm o s p h e r e ,  which  p ro d u c e s  f r e e  r a d i c a l s ,  o r g a n i c  p e r o x i d e s ,  
p e r a c i d s ,  h y d r o o x y p e r a c i d s  and such n i t r o g e n  c o n t a i n i n g  compounds 
a s  p e r o x y a c y l  n i t r a t e s .  W i th  t h i s  v a r i e t y  o f  s o u r c e s  i t  seems 
r e a s o n a b l e  to  e s t i m a t e  t h a t  many h u ndreds  o f  i n d i v i d u a l  o r g a n i c
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c h e m i c a l s  co u ld  be i s o l a t e d  from p o l l u t e d  a i r .
From t h i s  l a r g e  and grow ing  l i s t  o f  c h e m i c a l s  known t o  be p r e ­
s e n t  i n  c o n ta m in a t e d  a i r ,  i n v e s t i g a t o r s  who have wished t o  m oni to r  
t h e  p o l l u t i o n  l e v e l  a t  any g i v e n  t ime or  p l a c e  have been  f o r c e d  to  
c h o o se  f o r  a n a l y s i s  a l i m i t e d  number of i n d i v i d u a l  c h em ica l  compounds 
o r  m i x t u r e s ,  whose c o n c e n t r a t i o n s  were t h o u g h t  to  be r e p r e s e n t a t i v e  
o f  t h e  e x t e n t  o f  the  c o n t a m i n a t i o n .  O rg a n ic  compounds; s a t u r a t e d ,  
s u b s t i t u t e d ,  condensed  o r  a l i p h a t i c ,  d i f f e r  from m e t a l l i c  p o l l u t a n t s  
i n  a t  l e a s t ,  one r e s p e c t ;  t h e  o r g a n i c s  owe t h e i r  t o x i c i t y  o r  c a r c i n o ­
g e n i c i t y  not.  t o  t h e  b a s i c  components pe r  s e . b u t  to  t h e i r  s t r u c t u r e .  
Benzene i s  a t o x i c  s u b s t a n c e ,  c y c lo h e x a n e ,  however ,  i s  n o t ;  benzo- 
( e ) p y r e n e  i s  a v i r u l e n t  c a r c i n o g e n ,  b e n z o ( a )  py ren e ,  w h i l e  n o t  a 
t o t a l l y  h a r m l e s s  s u b s t a n c e ,  i s  n o t  as m a l e v o l e n t  as  i t s  i so m e r .  The 
method chosen  f o r  a n a l y s i s  s h o u ld  t h e r e f o r e  be a b le  t o  a s c e r t a i n  th e  
s t r u c t u r e  o f '  t h e  o r g a n ic  p o l l u t a n t .
The: methods used f o r  t h e  d e t e r m i n a t i o n  o f  o r g a n ic  a tm o s p h e r i c s  
a r e  a s  v a r i e d  a s  t h e  compounds th e m s e lv e s .  S p e c i f i c  a n a l y t i c a l  
schemes f o r  p a i ' t i c u l a r  compounds have b e en ,  and w i l l  c o n t i n u e  to  b e ,  
e x t r e m e l y  v a l u a b l e  f o r  the  d e t e r m i n a t i o n  o f  o r g a n ic  a t m o s p h e r i c  
c o n t a m i n a n t s .  G en e ra l  a n a l y t i c a l  t e c h n i q u e s  such as  gas  ch rom ato ­
g r a p h y ,  mass s p e c t r o m e t r y  and most types  o f  s p e c t r o s c o p y ,  u l t r a v i o l e t ,  
v i s i b l e ,  i n f r a r e d ,  and m icrowave ,  a r e  a l s o  i n  vogue.
The a p p l i c a t i o n s  o f  a b s o r p t i o n  s p e c t r o s c o p y  to  p o l l u t a n t  a n a l y ­
s i s  h a s  been  l i m i t e d  by t h e  amounts o f  e n e r g y  a v a i l a b l e  from s o u r c e s  
o f  r a d i a t i o n . .  S in c e  a lo n g  l i g h t  pa th  i s  r e q u i r e d  f o r  t h e  d e t e c t i o n  
o f  t r a c e  c o n s t i t u e n t s ,  th e  u n a v o id a b l e  d i v e r g e n c e  of  th e  l i g h t  beam
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r e s u l t e d  i n  a weak s i g n a l  a t  t h e  d e t e c t o r .  The l a s e r  a l l e v i a t e s  
t h e  l i m i t a t i o n s  o f  i n c o h e r e n t  l i g h t  s o u r c e s  i n  many ways.  The 
a b i l i t y  t o  c o l l i m a t e  t h e  beam h as  l e a d  to  some im p res s iv e  a c h i e v e ­
m en ts .  A two w a t t  a rg o n  l a s e r  beam was p r o j e c t e d  to  the  moon and
s ee n  by th e  cameras  on t h e  S u r v e y o r  s p a c e c r a f t .
A b s o r p t i o n  s p e c t r o s c o p y  on c o n f in e d  sam p les  has  depended 
p r i m a r i l y  on th e  W hite  c e l l  ( 1 0 3 ) .  T h i s  c e l l  u t i l i z e s  m i r r o r s  w h ich  
p a s s  l i g h t  r e p e a t e d l y  t h ro u g h  th e  sample c r e a t i n g  a very  long  a b s o r p ­
t i o n  p a t h .  The narrow p e n c i l  o f  l i g h t  e m i t t e d  by a gas l a s e r  can  be 
p a s s e d  back  and f o r t h  between m i r r o r s  many t im e s  w i th  energy  l o s s e s  
due o n ly  t o  a b s o r p t i o n  a t  th e  m i r r o r  s u r f a c e s .  With the  c o l l i m a t e d  
l a s e r  beam, th e  m i r r o r s  need n o t  be l a r g e  and a one k i l o m e t e r  p a t h  
l e n g t h  i n s i d e  a tw en ty  f e e t  l o n g ,  fo u r  in c h e s  i n  d iam ete r  g l a s s  tu b e  
seems f e a s i b l e  (1 0 k ) .  T h i s  t e c h n i q u e  co u ld  be u s e f u l  f o r  on the  
s p o t  p o l l u t a n t  a n a l y s i s .
A second t e c h n i q u e  i n v o l v e s  t h e  use  o f  a r e t r o r e f l e c t o r ; t h r e e  
r e f l e c t i n g  s u r f a c e s  p l a c e d  m u t u a l l y  p e r p e n d i c u l a r .  This  type  o f
a p p a r a t u s  w i l l  t u r n  a beam back  on i t s e l f  w i t h o u t  i n t r o d u c i n g
s i g n i f i c a n t  beam d i v e r g e n c e .  L a s e r  beams have  been p r o j e c t e d  many 
m i l e s  th ro u g h  t h e  a tm o sp h ere  t o  r e t r o r e f l e c t o r s  w i th  the  r e t u r n  
b e i n g  s t r o n g l y  r e c e i v e d  a t  th e  d e t e c t o r .
W hile  bo th  o f  t h e  above t e c h n i q u e s  s h o u ld  supply  much u s e f u l  
i n f o r m a t i o n  to  p o l l u t a n t  a n a l y s t s ,  they  s u f f e r  g r e a t l y  from l a c k  o f  
m o b i l i t y .  They s e r v e  a u s e f u l  pu rpose  f o r  m o n i t o r i n g  p o l l u t a n t  
c o n c e n t r a t i o n  a t  a p a r t i c u l a r  s p o t  or  a l o n g  a s p e c i f i e d  p a t h ,  b u t  
i n f r a r e d  e m i s s i o n  s t u d i e s  o f  a tm o s p h e r i c  p o l l u t a n t s  should  more
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e a s i l y  p r o v i d e  f o r  a g e n e r a l  su rv e y  o f  t h e  o r g a n i c  c o n t a m i n a t i o n  o f  
the  s u r r o u n d i n g s .
S t u d i e s  have been  c a r r i e d  o u t  on the  i n f r a r e d  e m is s io n  of
ga se s  (1 0 5 , 1 0 6 ) ,  b u t  t h e s e  r e l i e d  on th e rm a l  e x c i t a t i o n  o f  the  r a d i ­
a t i o n .  T h a t  t h i s  phenomenon can  p r o v id e  u s e f u l  i n f o r m a t i o n  was
d e m o n s t r a t e d  by Low, x^ho m on i to red  th e  th e rm a l  e m is s io n s  o f  v a r i o u s
compounds-emanat ing  from s t a c k  e f f l u e n t s .  The low i n t e n s i t y  of 
t h e s e  e m i s s i o n s  n e c e s s i t a t e d  m u l t i p l e  s ca n  t e c h n i q u e s  and r e s u l t e d  
i n  t ime av e rag e d  d a t a  (1 0 7 ) .
Laser.- induced  f l u o r e s c e n c e  has  been  o bse rved  f o r  a number of  
i n o r g a n i c  (108 , 109)  and o r g a n i c  (110 ,  111)  compounds.  The fo rmer  
s t u d i e s  used  sample  c e l l s  w i t h i n  t h e  o p t i c a l  c a v i t y  o f  t h e  l a s e r  
to  u t i l i z e  th e  f u l l  e n e r g y  of th e  a p p a r a t u s ;  th e  l a t t e r  s t u d i e s  
employed c e l l s  o u t s i d e  the. l a s i n g  c a v i t y  and a d i r e c t  s p e c t r a l  s can  
which  used  a monochromator w i t h  no t ime a v e r a g i n g ,  m u l t i p l e  scan  
c a p a b i l i t i e s . .  A d i s t i n c t  s p e c t ru m  was o b t a i n e d  f o r  e ach  compound. 
T h i s  s u g g e s t e d  i m p o r t a n t  p o s s i b i l i t i e s  f o r  p o l l u t a n t  d e t e r m i n a t i o n .
A s tu d y  was made t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  t h e  a p p l i c a t i o n  
o f  l a s e r ,  induced  f l u o r e s c e n c e  to  the  d e t e r m i n a t i o n  o f  o r g a n i c  a tm os­
p h e r i c  p o l l u t a n t s .  Ace tone  i s  c a p a b l e  o f  a b s o r b i n g  th e  1 0 . 6  m ic ro n s  
r a d i a t i o n  o f  th e  c a r b o n  d i o x i d e  l a s e r  and was chosen  a s  th e  s u b j e c t  
o f  t h i s  s t u d y .
A ce tone
A ce tone  i s  a v o l a t i l e ,  h i g h l y  flammable  s o l v e n t  which can  be 
o b t a i n e d ,  by. f e r m e n t a t i o n  o r  chem ica l  s y n t h e s i s .  I t  f i n d s  wide 
i n d u s t r i a l ,  u se  a s  a s o l v e n t  f o r  f a t s ,  o i l s ,  w axes ,  r e s i n s ,  r u b b e r ,
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p l a s t i c s ,  l acque rs ,  v a r n i s h e s  and r u b b e r  cem en ts .  I t  i s  used  i n  th e  
m a n u fa c tu r e  o f  m e thy l  i s o b u t y l  k e t o n e ,  m e se ty l  o x i d e ,  a c e t i c  a c i d ,  
d i a c e t o n e  a l c o h o l ,  c h l o r o - , i o d o - , and bromoform, e x p l o s i v e s ,  a i r ­
p l a n e  d o p e s ,  r a y o n ,  i s o p r e n e  and p h o t o g r a p h i c  f i l m s .  A cetone  can 
e x t r a c t  v a r i o u s  p r i n c i p l e s  from an im a l  and p l a n t  s u b s t a n c e s ,  and 
c a n  be u sed  f o r  h a r d e n i n g  and d e h y d r a t i n g  t i s s u e s .  I n h a l a t i o n  may 
p roduce  h e a d a c h e ,  f a t i g u e ,  e x c i t e m e n t ,  b r o n c h i a l  i r r i t a t i o n ,  and 
n a r c o s i s  (^ 9 ) -
A ce tone  h a s  been shown to  be one o f  many e x u d a te s  o f  man (1 1 2 ) .  
I t s  d e t e c t i o n  a t  1 . 0  ppb. i n  a r c t i c  a i r  masses (113)  s u g g e s t s  i t s  
w or ld  w ide  p r e s e n c e .
A ce tone  h a s  been  found ,  a t  v a r i o u s  l e v e l s ,  i n  t h e  w a s t e  w a te r s
o f  R u ss ia  ( l l U , 1 1 5 ) ,  and i n  c o t t o n  and soybean s e e d s  and f l o u r s  o f
t h e  U n i t e d  S t a t e s  (1 1 6 ) .  The compound was d e t e c t e d  i n  s e v e r a l  ex ­
h a u s t  g a s e s  o f  t h e  k r a f t  p u l p i n g  p r o c e s s  ( I I 7 ).  The a i r  o f  a p l a n t  
p r o d u c in g  t h e  p o l y e s t e r  r e s i n  " P o l i e f "  was found t o  c o n t a i n  0 .9 5  
m i l l i g r a m s  o f  a c e t o n e  p e r  c u b i c  m e te r  (1 1 8 ) ,  and a c e t o n e  was found 
i n  t h e  a tm o sp h ere  o f  f a c t o r i e s  p r o d u c in g  a c e t a t e  f i b e r  f i l l e r s  ( I I 9 ) .
Workers  exposed to  a c e t o n e  in  a Nylon-6  f a c t o r y  e x h i b i t e d  de­
c r e a s e d  c e n t r a l  n e rv o u s  sys tem  r e f l e x e s ,  d e c r e a s e d  v i s u a l  p e r c e p t i o n ,  
and r e d u c t i o n  o f  b lood  p r e s s u r e  and h e a r t  b e a t .  The u r i n e  c o n t a i n e d  
k e to n e s  i n d i c a t i n g  th e  p r e s e n c e  o f  l i v e r  damage (1 2 0 ) .  When th e  
a tm o sp h ere  n e a r  a c h e m ic a l  complex i n  R u ss ia  was a n a l y z e d ,  a c e to n e  
was found a t  l e v e l s  o f  t e n  t im es  the  maximum a l l o w a b l e  c o n c e n t r a t i o n  
a t  d i s t a n c e s  o f  f i v e  hundred  m e te r s  (1 2 1 ) .
Methods which  have  been  used  f o r  the  c o l l e c t i o n  o f  a c e t o n e
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i n c l u d e  f r e e z i n g  o u t  v apo r  on Chromosorb-P ( 1 1 3 ) ,  a d s o r p t i o n  on 
a c t i v a t e d  c h a r c o a l  (1 2 2 , 1 2 3 ) o r  s i l i c a  g e l  (1 2 3 ) ,  and a b s o r p t i o n  
i n  w a t e r  ( I I 9 ).
A ce tone  has  been d e te r m in e d  s p e c t r o p h o t o m e t r i c a l l y  ( H 9 ) ,  by 
gas ch rom atography  ( 1 1 3 , 1 1 4 , 1 1 6 , 1 2 2 ) ,  i n f r a r e d  a b s o r p t i o n  (117 ,  125 )  
and by c o n v e r s i o n  t o  p e r o x y a c i d s  t h e n  d e t e r m i n a t i o n  s p e c t r o p h o t o ­
m e t r i c a l l y  (1 2 4 ) .  A ru b y  l a s e r  h a s  been  used f o r  th e  l a s e r  Raman 
7.ad a r  a n a l y s i s  o f  s e v e r a l  g a s e s ,  i n c l u d i n g  a c e t o n e ,  i n  p o l l u t e d  
a i r  (1 2 6 ),
Commercial  Equipment 
The f o l l o w i n g  c o m m e rc i a l ly  a v a i l a b l e  equ ipm ent  was used  d u r i n g  
t h e  c o u r s e  o f  the  i n v e s t i g a t i o n .
L a s e r  —  a P e r k i n  Elmer Model b200 Carbon D io x id e  p seu d o -co n ­
t i n u o u s  wave, l a s e r  \*as s l i g h t l y  m o d i f i e d  and was used  a s  a s o u rc e  o f  
s t i m u l a t i v e  r a d i a t i o n  i n  t h i s  i n v e s t i g a t i o n .  The l a s e r  used  a co n ­
s t a n t  f low  gas s u p p ly  and  l e a k a g e  o f  the  c a v i t y  p re v e n te d  p r o p e r  
l a s i n g  p r e s s u r e  from b e in g  a t t a i n e d .  The f r o n t  end o f  t h e  l a s i n g  
c a v i t y  was r e p l a c e d  t o  e l i m i n a t e  t h e  l e ak a g e  which  was i n h i b i t i n g  
l a s e r  a c t i o n .  C e r t a i n  p a r t s  o f  th e  f r o n t  m i r ro r ,  mount had been  s t r u c k  
by a r e f l e c t e d  l a s e r  beam and w e re  m e l t e d .  These  p a r t s  were  r e ­
p la ce d  w i t h  d u p l i c a t e s  f a b r i c a t e d  i n  th e  p h y s i c s  machine sh o p ,  and 
aluminum s h i e l d s  were  p l a c e d  a round  the  f r o n t  mount t o  f o r e s t a l l  
f u r t h e r  damage. The l a s i n g  w a v e le n g th  was ,  p r i n c i p a l l y ,  the  1 0 . 6  
m ic rons  l i n e  a t  a nom ina l  o u t p u t  o f  s i x t y  w a t t s .
Spec t ro p h  o tome t e r  — A Beckman Model IR-10 i n f r a r e d  s p e c ­
t r o p h o t o m e t e r  was s l i g h t l y  m o d i f i e d  and used  t o  d e t e r m i n e  the
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w aveleng th  and i n t e n s i t y  o f  the  s t i m u l a t e d  e m is s io n s .  The 2JO d egree  
p o t e n t i o m e t e r  which c o n s t i t u t e d  th e  S.B. 100^ c o n t r o l  o f  the  IR-10 
was r e p l a c e d  w i th  a t e n  t u r n  p r e c i s i o n  p o t e n t i o m e t e r  which had 
a c a l i b r a t e d  v e r n i e r  d i a l . -  I n s t r u m e n t a l  r e s p o n s e  was more r e p r o d u c ­
i b l e  w i t h  t h i s  m o d i f i c a t i o n .  A s w i tch  was p la ce d  i n  t h e  c i r c u i t  
o f  th e  i n f r a r e d  s o u rc e  so  t h a t  e m is s io n ,  r a t h e r  than  a b s o r p t i o n ,  
could  be m on i to red .  The in s t r u m e n t  was o p e r a t e d  in  the  s i n g l e  beam 
mode d u r i n g  the  c o u r s e  o f  the  i n v e s t i g a t i o n .  The consequences  o f ,  
and th e  problems e n co u n te re d  upon,  u s ing  t h i s  p a r t i c u l a r  i n s t r u m e n t  
in  t h i s  p a r t i c u l a r  mode of  o p e r a t i o n  w i l l  be d i s c u s s e d  i n  a l a t e r  
s e c t i o n .
S ource  Moni tor  - -  A H e w le t t - P a c k a rd  Model 1+25A m i c r o - v o l t  
ammeter was used to  m o n i to r  the  o u t p u t  of  the  l a s e r  th rough  a cone- 
the rm ocouple  d e s c r i b e d  in  the  n e x t  s e c t i o n .
R ec o rd e r  - -  A Beckman Model 1005, ten  i n c h ,  s t r i p c h a r t  r e ­
c o rd e r  was used to  m on i to r  the  o u t p u t  o f  the  above m i c r o v o l t  ammeter.
A l ignm ent  L a s e r  - -  A Coleman Model J5> m i l l i w a t t ,  Helium- 
Neon, v i s i b l e  l a s e r  was used f o r  p r e l i m i n a r y  a l ig n m en t  o f  th e  ca rbon  
d io x id e  l a s e r  m i r r o r s ,  and f o r  a l ig n m e n t  o f  t h e  g a t h e r i n g  m i r r o r s .
C o n s t r u c t i o n  o f  Equipment
The f o l l o w i n g  p i e c e s  o f  a p p a r a t u s  \oere des igned  and f a b r i c a t e d  
w i t h i n  th e  a p p r o p r i a t e  f a c i l i t i e s  o f  the U n i v e r s i t y .
S t e e l  Cone - -  A co n e ,  one inch  in h e i g h t  by one inch  a c r o s s  the  
base  was f a b r i c a t e d  from s t a i n l e s s  s t e e l  sh im s to c k .  A Chromel- 
Alumel thermocouple  was welded a t  the  t i p ,  th e  cone was p a i n t e d  f l a t  
b l a c k ,  p la ce d  i n t o  the  l a s e r  beam and used to  m on i to r  the  power
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o u t p u t  o f  th e  l a s e r  ( F ig .  9 ^ ) -
G l a s s  C e l l s  - -  Two c e l l s  f o r  c o n f in e m e n t  o f  th e  vapo rs  were  
f a b r i c a t e d  from P y r e x  g l a s s  p i p e .  The s m a l l e r  c e l l  was 280 m i l l i ­
m e t e r s  i n  l e n g t h  and 50 m i l l i m e t e r s  i n  d i a m e t e r .  E i t h e r  end was 
f i t t e d  w i t h  2 ^ A 0  £  female  j o i n t s ,  which a c c e p te d  th e  c o r r e s p o n d i n g  
male j o i n t s .  The male j o i n t s  were f i t t e d  w i th  I r t r a n - 2  windows 
t w e n t y - f i v e  m i l l i m e t e r s  i n  d i a m e t e r  and too  m i l l i m e t e r s  t h i c k  to  
a l l o w  t h e  p a s s a g e  o f  i n f r a r e d  l a s e r  r a d i a t i o n  th rough  th e  c e l l  
( F i g .  9 5 ) .  A t h i r d  window o f  I r t r a n - 2  was a f f i x e d  a t  th e  s i d e  o f  
t h e  c e l l  to  a l lo w  t h e  l a s e r  s t i m u l a t e d  e m is s io n  to  p a s s  i n t o  the  
monochromator .  Two g l a s s ,  one m i l l i m e t e r ,  s to p c o c k s  f a c i l i t a t e d  
sample  i n t r o d u c t i o n .
The l a r g e r  o f  the  two c e l l s  i s  shown in  F i g u r e  96 ■ The c e l l  
was  one hundred  c e n t i m e t e r s  lo n g  and t e n  c e n t i m e t e r s  i n  d i a m e t e r ,  and 
was  c o n s t r u c t e d  i n  two s e c t i o n s  j o i n e d  by a 1 0 0 /6 0  £ j o i n t .  Two 
2k AO $ fem a le  j o i n t s  were mounted on th e  e n d s ,  n e a r  th e  s i d e  to 
a c c e p t  t h e  same window mounts ment ioned  above.  The e x i t  window, a l s o  
o f  I r t r a n - 2 *  was mounted on th e  common l i g h t  p a th  o p p o s i t e  t h e  e n ­
t r a n c e  s l i t s  o f  t h e  s p e c t r o p h o t o m e t e r .  A second 2k AO j o i n t  was 
mounted on th e  t o p  o f  the  c e l l  f o r  t h e  i n s e r t i o n  o f  t h e  m i r r o r  
mount.  Two l k / 3 5  ^  j o i n t s  w i t h  p l u g s  se rv ed  f o r  sample i n t r o d u c t i o n .
The c o l l e c t i n g  m i r r o r  mount c o n s i s t e d  o f  a b r a s s  ro d  t e n  in ch es  
l o n g  and 3 A-6 i n c h e s  i n  d i a m e t e r  th r e a d e d  i n t o  a T e f l o n  p lu g  which 
was machined to  2 k A 0  !? male d im en s io n s  f o r  i n s e r t i o n  i n t o  the  
a p p r o p r i a t e  fem a le  j o i n t  ment ioned  above .  The c o l l e c t i n g  m i r r o r  was 
a 50 m i l l i m e t e r s  by 80 m i l l i m e t e r s  concave m i r r o r  o f  t w e n t y - f i v e






FIGURE 9 5 .  SMALL GLASS CELL 










c e n t i m e t e r s  f o c a l  l e n g t h  and was c o a t e d  w i t h  a tw e lve  hundred  
a ngs t rom  l a y e r  o f  g o l d .
Chopper Assembly - -  A synchronous  motor g e a r e d  to  t e n  c y c l e s  
p e r  second and f i t t e d  w i t h  a b i l a t e r a l  chopper  was used t o  m odu la te
the  l a s e r  beam in  c e r t a i n  i n v e s t i g a t i o n s .  The chopper  was mounted
on a f o u r t e e n  by t e n  by ^  in c h  aluminum p l a t e  which had a two by s i x  
inch  s l o t  t o  accommodate the  chopper  b la d e  ( F ig .  9 ? a and b ) .  The 
m o t o r / s h a f t  was e q u ip p ed  w i t h  m ag n e t ic  r e e d  s w i t c h e s  which were  used 
to  l o c k  th e  chopper  i n t o  the  phase  s e n s i t i v e  a m p l i f i e r  and to  
g e n e r a t e  a r e f e r e n c e  s i g n a l  when t h e  s p e c t r o p h o t o m e t e r  was used  in  
the  s i n g l e  beam mode.
I n s t r u m e n t a l  Assembly
The v a r i o u s  components  o f  the  i n s t r u m e n t  w ere  a ssem bled  and 
a l i g n e d  i n  t h e  f o l l o w i n g  manner .
F i g u r e  98 shows an o p t i c a l  d ia g ra m  o f  th e  i n s t r u m e n t .  The
beam from th e  v i s i b l e  l a s e r  was p a sse d  th ro u g h  t h e  l a s i n g  c a v i t y  of
the  c a r b o n  d io x id e  l a s e r  and t h e  r e f l e c t e d  beam was used  f o r  a l i g n ­
ment- o f  t h e  l a s i n g  m i r r o r s .  The f i n e  a l i g n m e n t  o f  t h e  m i r r o r s  was 
acco m p l i sh ed  by m o n i t o r i n g  l a s e r  o u t p u t  w i t h  th e  a f o r e m e n t io n e d  cone 
and. a d j u s t i n g  th e  m i r r o r s  to  y i e l d  maximum s i g n a l .  The beam of th e  
l a r g e  l a s e r  now t r a v e r s e d  th e  same p a th  as  the  beam o f  th e  v i s i b l e  
l a se r . . .  The a p p r o p r i a t e  c e l l  was p l a c e d  a lo n g  th e  o p t i c a l  p a th  and 
a l i g n e d  so  t h a t  t h e  beam touched  o n ly  t h e  I r t r a n - 2  windows.  The 
s p e c t r o p h o t o m e t e r  was a l i g n e d  a t  a r i g h t  a n g l e  t o  t h e  l a s e r  p a t h ,  
w i t h  t h e  e n t r a n c e  s l i t s  o p p o s i t e  the  s i d e  window. The v i s i b l e  l a s e r  
was t h e n  used  to  a l i g n  t h e  c o l l e c t i n g  m i r r o r  so t h a t  f l u o r e s c i n g
2 J0
FIGURE 97 .  SYNCHRONOUS CHOPPER ASSEMBLY TO MODULATE LASER B: 
SYNCHRONOUS MOTOR






FIGURE 98 SCHEMATIC DIAGRAM OF THE INSTRUMENTAL OPTICS









r a d i a t i o n  a lo n g  th e  p a th  o f  the  l a r g e  l a s e r  beam would p a s s  th rough  
the  monochromator and s t r i k e  th e  d e t e c t o r  th e rm ocoup le .  To p r o t e c t  
the  v i s i b l e  l a s e r ,  a p i e c e  o f  t r a n s i t e  was mounted between t h e  c e l l  
and t h e  s m a l l  l a s e r  when the  c a rb o n  d i o x i d e  l a s e r  was i n  o p e r a t i o n .
To r e d u c e  th e  p o s s i b i l i t y  o f  th e rm a l  e m i s s i o n s ,  t h e  windows o f  the  
c e l l s  w e re  co o led  by a i r s t r e a m s .
I n s t r u m e n t a l  P a r a m e te r s
I n  a c a rbon  d i o x i d e  l a s i n g  s y s t e m ,  n i t r o g e n  i s  e l e c t r o n i c a l l y  
r a i s e d  t o  the  e x c i t e d  s t a t e  by an  e l e c t r i c a l  d i s c h a r g e .  The e x ­
c i t e d  n i t r o g e n  m o le c u le s  then  t r a n s f e r  v i b r a t i o n a l  energy  t o  ca rbon  
d i o x i d e ,  t h e r e b y  r a i s i n g  C02 to  th e  upper  l a s i n g  l e v e l .  The upper  
l a s i n g  l e v e l  i s  coup led  to  the  low er  by c o l l i s i o n s  w i th  m o le c u le s  
and e l e c t r o n s ,  and by s t i m u l a t e d  e m i s s i o n .  The energy  d i f f e r e n c e  
between t h e  two l e v e l s  i s  e q u i v a l e n t  to  1 0 .6  m ic rons  and t h i s  i s  
where t h e  l a s i n g  a c t i o n  o c c u r s .  The lower  l e v e l  i s  coup led  t o  the  
ground s t a t e  by c o l l i s i o n a l  d e a c t i v a t i o n * ,  the  l a s e r  o u tp u t  can  o f t e n  
be i n c r e a s e d  by t h e  a d d i t i o n  o f  a t h i r d  gas to  t h e  c a v i t y .  Y a rd ly  
s t a t e s  t h a t  a l l  e v id e n c e  p o i n t s  t o  th e  c o n c l u s i o n  t h a t  the  m a jo r  
e f f e c t  o f  added g a s e s  l i e s  in  t h e i r  a b i l i t y  to  t r a n s f e r  v i b r a t i o n a l  
energy  o u t  o f  the  lower  l a s e r  l e v e l  (1 2 7 ).
The P e r k i n  Elmer  l a s e r  was d e s ig n e d  to  u se  a c o n s t a n t  f lo w  
sys tem  o f  c a rb o n  d i o x i d e ,  n i t r o g e n ,  and h e l iu m .  The p a r t i a l  p r e s s u r e  
o f  e a c h  gas  was e a s i l y  a d j u s t a b l e ,  b u t  the  optimum va lue  must be 
d e te r m in e d  f o r  each  l a s i n g  c a v i t y  ( I 2 7 ) .  A c co rd in g ly ,  the  o u t p u t  of  
the  l a s e r ,  a s  m o n i to r e d  by th e  s c a t t e r  peak  s e e n  on th e  s p e c t r o ­
p h o to m e te r ,  was s t u d i e d  as  a f u n c t i o n  o f  the  gas p r e s s u r e s  w i t h i n
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th e  c a v i t y .
The e f f e c t s  o f  the  p a r t i a l  gas- p r e s s u r e s  a r e  i n t e r d e p e n d e n t ,  so 
only  t h e  f i n a l  o p t i m i z a t i o n s  a r e  shown h e r e ,  i n  F i g u r e s  99» KX) and 
101 ,  (T ab le s  6 0 ,  61 and 6 2 )  f o r  c a r b o n  d i o x i d e ,  n i t r o g e n  and h e l iu m ,  
r e s p e c t i v e l y .  The optimum p r e s s u r e s  w i t h  r e s p e c t  t o  l a s e r  o u t p u t  
were one t o r r .  f o r  c a r b o n  d i o x i d e ,  two t o r r ,  f o r  n i t r o g e n  and 
n i n e t e e n  t o r r .  f o r  h e l iu m .  These v a lu e s  were used  f o r  the  d u r a t i o n  
of: the  i n v e s t i g a t i o n .
I t : h a s  been \ j e l l  documented t h a t  t h e  nominal w a v e le n g th  o f  th e  
o u t p u t . o f  t h e  carbon  d i o x i d e  l a s e r  i s  1 0 .6  m ic ro n s ;  however ,  t h e r e  
are.  s e v e r a l  o t h e r  l i n e s  a t  which l a s i n g  has  been o b se rv ed  (1 2 8 ).
This: p a r t i c u l a r  l a s e r  was observed  to  l a s e  a t  s e v e r a l  w a v e le n g th s  
o the r ,  th a n  t h e  1 0 .6  l i n e ;  a l b e i t ,  a t  much lower  i n t e n s i t y  th a n  t h e  
p r i n c i p a l ' l i n e . F ig u r e  102 shows examples  o f  t h i s  c a s e .  The 
s p e c t r a l  o u t p u t  o f  the  1 0 .6  l i n e ,  in d e e d ,  th e  t o t a l  o u t p u t  o f  th e  
l a s e r . , . r em a in ed  r e l a t i v e l y  c o n s t a n t ,  b u t  t h e  p r e s e n c e  o f  v a r i o u s  
l i n e s  shows th e  need f o r  f u r t h e r  o p t i m i z a t i o n a l  d e s i g n .
R ep lacem en t  o f  t h e  r e a r  m i r r o r  w i t h . a n  o r i g i n a l  g r a t i n g  would 
r e s u l t ,  i n  a l m o s t  t o t a l  m o n o c h ro m a t i c i ty  o f  l a s e r  o u t p u t  and would ,  
i n  a d d i t i o n ,  p ro v id e  f o r  c h an g in g  th e  w a v e le n g th  o f  t h e  o u t p u t  o f  
the  l a s e r ,  w i t h i n  r e a s o n .  T h i s  would have g r e a t  a d v a n t a g e ,  f o r  
example,  i n  t h e  d e t e r m i n a t i o n  o f  o zo n e ,  which h a s  an a b s o r p t i o n  
maximum a t  9 ,6  m ic rons .
I n  f lu o rescen ce  s t u d i e s ,  t h e  s t a b i l i t y  o f  the  s o u r c e  i s  of  
prime im p o r t a n c e .  No r e l i a b l e  c a l i b r a t i o n s  can  be made f o r  q u a n t i ­
t a t i v e  d e t e r m i n a t i o n s  u n l e s s  t h e  s o u r c e  o f  e x c i t a t i o n  i s  s u f f i c i e n t l y
FIGURE 9 9 . THE EFFECT OF THE PARTIAL PRESSURE OF CARBON
e x c i t a t i o n  c u r r e n t  = 50
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TABLE 6 0 . A s tu d y  o f  th e  e f f e c t  o f  th e  p a r t i a l  p r e s s u r e  o f  c a r b o n  
d i o x i d e  on l a s i n g  . i n t e n s i t y .





























FIGURE 100. A STUDY OF THE EFFECT OF THE PARTIAL PRESSURE
OF NITROGEN ON LASING INTENSITY
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TABLE 6 1 . A s tudy  of  the  e f f e c t  o f  the  p a r t i a l  p r e s s u r e  o f  
n i t r o g e n  on l a s i n g  i n t e n s i t y .
P r e s s u r e  -  T o r r .  I n t e n s i t y  U n i t s
0 . 5  36
1 . 0  50
2.0 68
5 .0  6k
























FIGURE 101 .  THE EFFECT OF THE PARTIAL PRESSURE OF HELIUM ON
LASING INTENSITY
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TABLE 6 2 . A s tu d y  of  t h e  e f f e c t  o f  t h e  p a r . t i a l  p r e s s u r e  o f  h e l iu m  
on l a s i n g  i n t e n s i t y .
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s t a b l e .  The s t a b i l i t y  o f  th e  c a r b o n  d io x id e  l a s e r  a s  m on i to red  by 
t h e  the rm ocoup le  cone d e s c r i b e d  p r e v i o u s l y  i s  shown in  F ig u r e  103 
(Table  6 5 ) .  The e x h i b i t e d  s t a b i l i t y  was s u f f i c i e n t  f o r  c a l i b r a t i o n ,  
b u t  a more s t a b l e  sou rce  would h a v e  h e lp e d  m a t t e r s  c o n s i d e r a b l y .
The s p e c t r o p h o t o m e t e r  used i n  t h i s  i n v e s t i g a t i o n  was a medium 
p r i c e d  i n s t r u m e n t  des igned  p r i m a r i l y  f o r  doub le  beam o p e r a t i o n .
T h a t  i s  t h e  a m p l i f i e r  system was d e s ig n e d  to  compare the  d i f f e r e n c e  
between two r e l a t i v e l y  l a r g e  s i g n a l s .  When o p e r a t e d  i n  th e  s i n g l e  
beam mode, a n  i n t e r n a l l y  g e n e r a t e d  r e f e r e n c e  s i g n a l  was compared 
to  the  sample  a b s o r p t i o n  s ignal* ,  t h e  i n s t r u m e n t  w as ,  as  a r e s u l t ,  
m o n i to r in g  t h e  r e l a t i v e l y  l a r g e  d i f f e r e n c e  between th e  sample  and 
r e f e r e n c e  s i g n a l s , .  Th is  was n o t  c o n d u s iv e  to  m os t  e f f i c i e n t  
i n s t r u m e n t a l  r e s p o n s e ,  and more w i l l  be s a i d  a b o u t  t h i s  l a t e r .
I n  o r d e r  t o  p r e s e r v e  t h e  i n s t r u m e n t  and r e d u c e  l o s s  of e n e r g y  
due to  w a t e r  b a n d s ,  e t c , , the  i n s t r u m e n t  was c o n s t a n t l y  purged  w i t h  
n i t r o g e n  p a s s e d  through a s i l i c a  g e l  d r y in g  t o w e r .
When t h e  r e l a t i v e l y  sm a l l  s am ples  were  used  i n  t h i s  i n v e s t i g a ­
t i o n ,  the  i n s t r u m e n t  was o p e r a t e d  a t  the  h i g h e s t  s e n s i t i v i t y .  T h e r e ­
f o r e ,  f o r  q u a n t i t a t i v e  work,  a knowledge of  b a s e l i n e  shape and t h e  
e f f e c t  o f  v a r i o u s  i n s t r u m e n t a l  c o n t r o l s  was o f  prime im p o r t a n c e .
A t r a c e  o f  the  i n s t r u m e n t a l  background w i t h  th e  long  c e l l  i n  
p o s i t i o n  i s  shown in  F ig u r e  10^-, and t h e  i n s t r u m e n t  a t  i t s  maximum 
s e n s i t i v i t y  s e t t i n g s .  The b a se  l i n e  e x h i b i t e d  t h i s  same s h ap e  when 
th e  e n t r a n c e  s l i t s - w e r e  c o v e red  w i t h  t r a n s i t e . ,  and i t s  shape  c o u ld  
n o t  be e x p l a i n e d . ,  I t . w a s  s u g g e s t e d  t h a t  the  b a s e l i n e  r e a d i n g s  might 
be due to  h e a t  from the  ch o p p er  motor  ( I 2 9 ) ,  and f u r t h e r  m o d i f i c a t i o n s
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FIGURE 1 0 3 . VARIATION OF LASER POWER WITH TIME 
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TABLE 6 3 . A s tu d y  o f  t h e  s t a b i l i t y  o f  the  l a s i n g  i n t e n s i t y  as  a 
f u n c t i o n  o f  t im e .




















te n d ed  t o  s u p p o r t  t h i s  s u g g e s t i o n .  The b a s e l i n e  cou ld  be f l a t t e n e d  
a t :  th e  exp en se  o f  s e n s i t i v i t y  b u t  t h i s  would l e a d  to  the  n e c e s s i t y  
f o r  u s i n g  l a r g e  s a m p le s .  One l a r g e  sample r u n  i s  shown i n  a l a t e r  
s e c t i o n .  The b u lk  o f  t h e  i n v e s t i g a t i o n  u sed  s m a l l e r  
s a m p l e s ,  t h e r e f o r e ,  i t  was n o t  p o s s i b l e  t o  s ca n  th e  f i v e  t o  s i x t e e n  
micron  r e g i o n  w i t h  one s e t  o f  i n s t r u m e n t a l  c o n d i t i o n s .  For q u a n t i ­
t a t i v e  w o rk ,  the  peaks  were m o n i to red  i n d i v i d u a l l y  as  t h e  h e i g h t  
o f  th e  s i g n a l  ove r  th e  b a s e l i n e .
The f o l l o w i n g  i n s t r u m e n t a l  p a r a m e te r s  a f f e c t e d  t h e  s e n s i t i v i t y  
o f  the.  d e t e r m i n a t i o n s  and th e  p o s i t i o n  o f  th e  b a se  l i n e :  S .B .  100^
c o n t r o l ,  g a i n ,  b a l a n c e ,  and s l i t  w i d t h .
S_:.B. 100^ c o n t r o l  - -  When t h e  i n s t r u m e n t  was used i n  t h e  normal 
a b s o r p t i o n  mode, t h i s  c o n t r o l  was used t o  s e t  t h e  100^ t r a n s m i s s i o n  
p o i n t . . I n  r e a l i t y ,  t h i s  c o n t r o l  was a p o t e n t i o m e t e r  t h a t  a t t e n u a t e d  
t h e  s i g n a l  fed  to  t h e  s e r v o m o to r ;  and t h e r e f o r e ,  a t t e n u a t e d  t h e  
r e a d o u t  o f  the  r e c o r d e r  f o r  a g iv e n  s i g n a l .  The e f f e c t  o f  t h i s  
c o n t r o l  on t h e  i n s t r u m e n t a l  r e s p o n s e  f o r  a g iv e n  s i g n a l  i s  shown i n  
F i g u r e  105 (T ab le  6*4-). S ince  t h i s  p a r t i c u l a r  s tu d y  con ce rn ed  on ly  
the .  l a s t  t e n t h  o f  a t u r n  on a t e n  t u r n  p o t e n t i o m e t e r ,  t h e  c o n t r o l  
may be  s a i d  to  be s e n s i t i v e  i n  t h i s  r e g i o n .  On th e  a d v ic e  o f  the  
d e p a r t m e n t a l  i n s t r u m e n t  t e c h n i c i a n ,  the  v a l u e  o f  9 -99  was c hosen  f o r  
u se  i n  t h i s  s tu d y .  An i n c r e a s e  i n  the  v a l u e  o f  the  S .B .  100^ con ­
t r o l  r e s u l t e d  i n  an i n c r e a s e  i n  t h e  l e v e l  o f  t h e  background ,  which  
i n d i c a t e d  th e  p r e s e n c e  o f  a s p u r i o u s  s i g n a l  t h a t  was i n  phase  w i th  
the .  c h o p p e r .
Gain  C o n t r o l  - -  D ur ing  normal  o p e r a t i o n ,  t h e  o u t p u t  s i g n a l
2 8 6









SB 1 0 0 %  SSTTtm
287
TABLE 6 k . A s t u d y  of t h e  e f f e c t  o f  t h e  p o s i t i o n  o f  th e  s i n g l e  
beam IOO5& c o n t r o l  -on i n t e n s i t y  r e a d o u t .
S . B , -100^, R ead in g R e l a t i v e  I n t e n s i t y
9 .9 0 0.1*4-
9 .9 2 0.2*4-
9-9*4 0 .3 8
9 .9 6 0 . 5 7
9 .9 8 0 . 8 2




f rom th e  p r e a m p l i f i e r  was a p p l i e d  a c r o s s  t h e ' p o t e n t i o m e t e r  o f  th e  
g a i n  c o n t r o l .  T h i s  c o n t r o l  was used  to v a r y  t h e  s i g n a l
t o  change  the r e s p o n s e  t ime of  th e  r e c o r d e r  pen . The p o s i ­
t i o n  o f  the g a in  c o n t r o l  a f f e c t e d  the  i n t e n s i t y  of  a g iv en  s i g n a l  
a s  shown in  F i g u r e  106 (Table 6 5 ) .  As slow pen r e sp o n se  was a con ­
t i n u a l  problem, th e  s e t t i n g  needed to  be as  h ig h  as  p o s s i b l e .  How­
e v e r ,  the  p o s i t i o n  used was m o d i f ied  by th e  f a c t  t h a t  i n c r e a s i n g  the
g a i n  c o n t r o l  d e c r e a se d  the  p o s i t i o n  o f  the  background. The ga in  
s e t t i n g  t h a t  was used  was somewhat below the  optimum s e t t i n g .
Balance  C o n t ro l  - -  B a lan c in g  o f  sample and r e f e r e n c e  s i g n a l s  
was accomplished w i t h  t h e  b a la n c e  c o n t r o l ,  th rough  which was s e l e c t e d  
a b a l a n c i n g  s i g n a l  t h a t  was i n j e c t e d  i n t o  t h e  ca thode  o f  the  f i r s t  
a m p l i f i e r  s t a g e .  I n c r e a s i n g  the  b a lan c e  c o n t r o l  s e t t i n g  r a i s e d  the  
l e v e l  o f  the backg round ,  and t h i s  c o n t r o l  was used to  s e t  the  
background spec trum a t  a s u i t a b l e  l e v e l  on th e  c h a r t  paper  a f t e r  the  
o t h e r  c o n t r o l s  had been s e t  to  t h e i r  d e s i r e d  s e t t i n g .  Th is  had the  
u n d e s i r a b l e  e f f e c t  o f  o p e r a t i n g  th e  a m p l i f i e r  i n  a s t a t e  of im­
b a l a n c e ,  b u t ,  i n  most c a s e s ,  was th e  only  c o n d i t i o n  under which a 
r e a d i n g  could be t a k e n .
S l i t  Width C o n t ro l  - -  In  normal  usage th e  s l i t  w id th  fo l low ed  
a p r e s e t  program which  caused a r e l a t i v e l y  c o n s t a n t  amount o f  energy  
t o  f a l l  on the  d e t e c t o r .  The in s t ru m e n t  h a d ,  however,  p r o v i s i o n s  
f o r  normal o v e r r i d e  f o r  uses  i n  c a s e s  where i n t e n s i t y  o f  r a d i a t i o n  
was low. In  t h i s  p a r t i c u l a r  s t u d y ,  the  s l i t s  were  usua l ly -  r u n  wide  
op en ,  a t  an a r b i t r a r y  p o s i t i o n  "A",  or  a t  2 . 0  mm., t h e  l a r g e s t  
o p e n in g  marked on t h e  monochromotor. The v a r i a t i o n  o f  s i g n a l  w i th
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TABLE 6 5 . A s t u d y  o f  th e  e f f e c t  o f  th e  s e t t i n g  o f  t h e  g a in  c o n t r o l  
on i n t e n s i t y  r e a d o u t .
G a in  S e t t i n g  R e l a t i v e  I n t e n s i t y
0 0 .0 0
1 0 .1 0
2 0 .3 3
3 0 .5 8
k 0 .8 5
5 0 .9 6
6 1 .0 0
7 0 .9 8
8 0 .9 9
9 1 .0 0
10 0 .9 9
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r e s p e c t  to  s l i t  w id th  i s  shown i n  F i g u r e  107 (T ab le  6 6 ) .  When th e  
s l i t  w id th  was i n c r e a s e d ,  t h e  b a s e l i n e  moved t o  a lower o v e r a l l  
r e a d i n g .  The c a u s e  o f  t h i s  b e h a v io r  was unknown and seemed t o  be 
a p a r t i c u l a r  c h a r a c t e r i s t i c  o f  t h i s  type  o f  i n s t r u m e n t .
O p e r a t i o n  o f  t h e  I n s t r u m e n t
The i n i t i a l  s t e p  i n  t h i s  i n v e s t i g a t i o n  was t h e  d e t e r m i n a t i o n
o f  th e  e m i s s i o n  spec t rum  o f  a c e t o n e .  The s m a l l  c e l l  was s e t  up
and a l i g n e d  u s i n g  th e  p r o c e d u r e s  d e s c r i b e d  i n  a p r e v io u s  s e c t i o n .  
A ce tone  was p laced ,  i n t o  a f r i t t e d  g l a s s  b u b b l e r ,  and a s t r e a m  o f  
d ry  n i t r o g e n  was passed  th ro u g h  th e  l i q u i d  and i n t o  t h e  c e l l  a t  a 
f low r a t e  o f  one l i t e r  p e r  m in u te .  The l a s e r  p a r a m e te r s  were  
a d j u s t e d  to  t h e i r  p r e v i o u s l y  d e te rm in e d  optimum v a l u e s ,  and l a s i n g  
was i n i t i a t e d , .  The r e a d o u t  s i g n a l  o f  the  e m i s s i o n  s i g n a l  was a d ­
j u s t e d  to  r e m a in  on s c a l e ,  and the  s p e c t ru m  o f  the  e m is s io n  was 
t a k e n  between 2 . 5  and 16 m ic ro n s .  The i n t e n s i t y  was such t h a t  th e  
s p e c t r o p h o t o m e t e r ,  need n o t  be o p e r a t e d  a t  maximum s e n s i t i v i t y ,  
and t h e r e f o r e ,  no e v id en c e  o f  the  b a s e l i n e  v a r i a n c e  was e n c o u n t e r e d .
No e m i s s i o n  was o bse rved  between 2 .5  and 5 m i c r o n s ;  t h e  sp ec t ru m
o f  the  5 bo 16 m ic ron  r e g i o n  i s  shown i n  F i g u r e  108 ,  and th e  a b s o r p ­
t i o n  s p e c t ru m  o f  a c e to n e  t a k e n  from a S a d t l e r  c a t a l o g u e  i s  shown 
i n  F i g u r e  I 0 9 . Comparison o f  th e  two s p e c t r a  showed t h a t  t h e  major 
peaks  o c c u r r e d  a t . s i m i l a r  w a v e l e n g t h s .  The o b s e r v e d  peaks 
w e re  a t t r i b u t e d  to  the  same energy  t r a n s i t i o n s  a s  i n  i n f r a r e d  
a b s o r p t i o n  s p e c t r o s c o p y .  Ronn (110)  ha s  done t h i s  f o r  th e  i n f r a r e d  
f l u o r e s c e n c e  o f ' s e v e r a l  o r g a n i c  compounds.  T h e r e f o r e ,  the  5*8 
m ic ro n ,  7 . 5  m ic ro n  and 8 . 6  m ic ron  e m is s io n  peaks  w ere  a t t r i b u t e d
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TABLE 6 6 . A s tu d y  o f  the  e f f e c t  o f  s l i t  w id th  on i n t e n s i t y  
r e a d o u t .
S l i t  S e t t i n g  R e l a t i v e  I n t e n s i t y
1 . 5  '  0 * 2 0  
2.0 0.$k
"A" O'. 52
F u l l  1 . 0 0
2$ k

































FIGURE 1 0 9 . THE ABSORPTION SPECTRUM OF ACETONE VAPOR
SADTLER NUMBER 6^09
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t o  t h e  C=0 s t r e t c h i n g ,  C-H b e n d in g  and C-C s t r e t c h i n g ,  r e s p e c t i v e l y .  
The i n t e n s i t y  of t h e  e m i s s i o n  peaks was governed  by t h e  s e n s i t i v i t y  
o f  the  i n s t r u m e n t  in  a p a r t i c u l a r  r e g i o n ,  and the  e n e rg y  d i f f e r e n c e  
o f  t h e  s t i m u l a t i n g  and e m i t t i n g  r a d i a t i o n .  The mechanism and o r i g i n  
o f  the  s i g n a l  w i l l  be d i s 'c u s se d  i n  a l a t e r  s e c t i o n .
C a l i b r a t i o n
I n  o r d e r  t o  be a b l e  t o  a n a l y s e  the  a tm o sp h ere  a t  a d i s t a n c e  
from th e  i n s t r u m e n t ,  some sy s te m  f o r  g a t h e r i n g  th e  r a d i a t i o n  s t i m u ­
l a t e d  a l o n g  th e  p a th  o f  th e  l a s e r  beam must be employed. A c c o rd in g ­
l y ,  t h e  l a r g e  c e l l  d e s c r i b e d  i n  a p r e v i o u s  s e c t i o n  was used f o r  the  
q u a n t i t a t i v e  s t u d i e s .  The c e l l  c o n t a i n e d  a go ld  s u r f a c e  m i r r o r  
which  g a t h e r e d  r a d i a t i o n  s t i m u l a t e d  a lo n g  th e  p a th  o f  the  l a s e r  
beam and f o c u s ed  i t  on th e  e n t r a n c e  o f  t h e  s p e c t r o p h o t o m e t e r .  In  an 
i n i t i a l  s t u d y ,  t h e  sample  was p l a c e d  i n  t h e  c e l l  a t  t h e  end 
a p p o s i t e  t h e  l a s e r  w i t h o u t  d i s p e r s i o n  and a n  e m i s s i o n  s p e c t ru m  was 
im m e d ia te ly  r e c o r d e d . .  Remote r a d i a t i o n  c o u ld  be d e t e c t e d .
A H a m i l to n  s y r i n g e  was used to  i n j e c t  a measured amount o f  
a c e t o n e  i n t o  th e  c e l l ,  and a m agne t ic  s t i r r i n g  b a r  f i t t e d  w i t h  vanes  
was powered by a magnet ic ,  s t i r r e r  f o r  sample d i s p e r s i o n .  The m i r r o r  
was a d j u s t e d  so  t h a t  r a d i a t i o n  o r i g i n a t i n g  a t  o r  on th e  r e a r  window 
was n o t  s e e n ,  t h e r e b y  r e d u c i n g  th e  o p p o r t u n i t y  f o r  th e rm a l  e m is s io n s  
by th e  I r t r a n  window, o r  by a c e t o n e  h e a t e d  by the  window.
The sample  was i n j e c t e d  i n t o  the  f a r  end o f  t h e  c e l l .  T h i r t y  
m in u te s  were a l low ed  to  e l a p s e  f o r  th e  v apo r  to  be d i s p e r s e d  by 
t h e  s t i r r e r ,  and the  e m i s s i o n - s p e c t r u m  was r e c o r d e d .  R epea ted  scans  
on t h e  same sample a s  w e l l .  a s ; s t u d i e s  u s i n g  c o l o r e d  g a s e s  and
2 9 T
c i g a r e t t e  smoke i n d i c a t e d  t h a t  t h i s  was ample t ime f o r  sample  
d i s p e r s a l .
The p l o t s  o f  th e  i n t e n s i t y  o f  the  5*8 and 8 . 6  m ic ron  peaks  v e r ­
sus  sample  s i z e  i s  shown i n  F i g u r e  110 (Table 6 j ) and F i g u r e  111 
(T ab le  6 8 ^ r e s p e c t i v e l y .  Both p l o t s  e x h i b i t  l i n e a r i t y  up to  a con ­
c e n t r a t i o n  o f  0 . 0 8  micrograms pe r  c u b i c  c e n t i m e t e r .  As t h i s  con­
c e n t r a t i o n  was i n  e x c e s s  o f  t h a t  found i n  c o n ta m in a te d  a i r ,  no p r o b ­
lems w i t h  s e l f - a b s o r p t i o n  shou ld  o c c u r  i n  a tm o s p h e r i c  a n a l y s i s .
The s m a l l e s t  c o n c e n t r a t i o n s  which  were d e t e c t e d  a t  t h e s e  two 
w a v e l e n g t h s  w e re  0 . 0 0 H and 0 . 0 1 0  mic rograms p e r  c u b ic  c e n t i m e t e r  f o r  
8 . 6  and 5*8  m ic rons  r e s p e c t i v e l y .
The d e t e c t i o n  l i m i t  f o r  th e  5 . 8  micron  peak  was h i g h  f o r  two
r e a s o n s .  The i n t e n s i t y  of  e m i s s i o n  o f  t h i s  peak  was l e s s  th a n  t h a t
o f  t h e  8 . 6  peak  f o r  a g i v e n  c o n c e n t r a t i o n ,  and t h e  p r e s e n c e  of  
p eaks  and n o i s e  i n  t h e  background a t  t h i s  p o i n t  r e q u i r e d  a l a r g e r  
sample  s i z e  t o  p roduce  an m e a s u ra b le  and r e p r o d u c i b l e  s i g n a l .  T h i s  
was p a r t i c u l a r l y  d i s a p p o i n t i n g  a s  t h e  5*8  m icron  peak would be 
c h a r a c t e r i s t i c  f o r  a c e t o n e  and' r e l a t e d  c a r b o n y l s ,  w h e rea s  t h e  8 . 6  
C-C peak  m igh t  ap p ea r  i n  any compound which ha s  a c a r b o n - c a r b o n  
s i n g l e  bond (1 1 1 ) ,
The d e t e c t i o n  l i m i t s  o b t a in e d  h e r e  a r e  n o t  t o t a l l y  a d e q u a te  
f o r 1 a t m o s p h e r i c  a n a l y s i s ,  bu t  the  u se  o f  a more s e n s i t i v e ,  p r o p e r l y  
d e s i g n e d  a m p l i f i e r ,  and a more p o w e r fu l  l a s e r  o f  more s o p h i s t i c a t e d
d e s i g n  sh o u ld  y i e l d  v a s t  improvement i n  t h i s  a r e a .
I n t e r f e r e n c e s
The f l u o r e s c e n c e  phenomenon i s  p a r t i c u l a r l y  s u b j e c t  to
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TABLE 6 7 . The c a l i b r a t i o n  o f  th e  5*8 micron peak  o f  a c e t o n e .
C o n c e n t r a t i o n  E m iss io n  I n t e n s i t y
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TABLE 68. The calibration of the 5.6 micron peak of acetone.
C o n c e n t r a t i o n  E m iss io n  I n t e n s i t y
R e l a t i v e
( ig /cc  Raw I n t e n s i t y  N o rm a l iz in g  F a c t o r  I n t e n s i t y
0 . 00^ 15 1 15
0 .0 0 8 50 1 50
0 .0 1 0 59 1 59
0 .0 1 0 37 1 .5 55
0 .0 2 0 65 1 .5 98
0 .0 2 0 55 2 .9 96
0 .0 3 0 100 1 . 5 150
0 .0 3 0 50 2 .9 11*5
0 .0 5 0 83 2 .9 2ho
0 .0 8 0 78 5 .1 396
5 0 2
i n t e r f e r e n c e s  by f o r e i g n  s p e c i e s .  A b s o r p t i o n  o f  s t i m u l a t i n g  r a d i a ­
t i o n  o r  c o l l i s i o n a l  d e a c t i v a t i o n  may o c c u r  and s e rv e  t o  r e d u c e  the  
i n t e n s i t y  o f  t h e  e m is s io n .  A l t e r n a t i v e l y ,  c o l l i s i o n a l  a c t i v a t i o n  
c o u l d  o c c u r ,  w h ic h  would r e s u l t  i n  an  enhanced s i g n a l .  S i n c e  many 
s p e c i e s  a re  p r e s e n t  i n  the  a t m o s p h e r e ,  t h e i r  p r e s e n c e  may a f f e c t  
t h e  d e t e r m i n a t i o n  and t h e i r  e f f e c t  must be i n v e s t i g a t e d .
The major components  o f  t h e  a tm osphere  a r e  n i t r o g e n ,  oxygen 
and ca rbon  d i o x i d e *  w a te r  v a p o r  a l s o  i s  p r e s e n t  in  v a r y i n g  
am oun ts .  The e f f e c t  of the  p r e s e n c e  o f  t h e s e  compounds on the  
f l u o r e s c e n c e  o f  a c e to n e  was t h e  s u b j e c t  o f  the  f i r s t  i n v e s t i g a t i o n s  
o f  i n t e r f e r e n c e s . .  The p r e v i o u s  s p e c t r a  w ere  r u n  i n  a i r ,  and a l l  s p e t r a  
t a k e n  in  t h i s  s e c t i o n  were r e f e r e n c e d  t o  t h e  i n t e n s i t y  o f  the  a c e to n e  
s i g n a l  in  a i r .
The c o n c e n t r a t i o n s  o f  n i t r o g e n  and oxygen were  1 0 0 ^  d u r in g  
t h e i r  r e s p e c t i v e  runs-, c a r b o n  d i o x i d e  and w a t e r  vapor  w e re  5$ in  
n i t r o g e n  and a i r r e s p e c t i v e l y . No i n t e r f e r e n c e  was o b s e r v e d  a t  
e i t h e r  the  5*8 o r  8 .6  m ic ron  peaks  o f  a c e t o n e  and no i n t e r f e r e n c e  
s h o u ld  be e x p e c t e d  from th e  normal  c o n s t i t u e n t s  o f  t h e  a tm o sp h e re .
The var-ied h y d ro c a rb o n  c o n t e n t  of  t h e  a tm osphere  h a s  been  w e l l  
documented, ,  and  i n d e e d ,  i t  i s  hoped t h a t  t h i s  t e c h n i q u e  w i l l  even­
t u a l l y  p ro v id e  a method f o r  t h e i r  a n a l y s i s .  S e l e c t e d  f o r  t h i s  s tu d y  
w e re  hexane ,  h e p t a n e ,  benzene  and e t h y l e n e .
Acetone was f i r s t  i n j e c t e d  i n t o  the  c e l l ,  a l lo w ed  t o  d i s p e r s e ,  
and  th e  two p e ak s  were scanned  i n  a l l  c a s e s ,  to  p r o v i d e  a r e f e r e n c e  
s i g n a l .  S u f f i c i e n t  h ex an e ,  h e p t a n e ,  o r  benzene  was i n j e c t e d ,  i n  
s e p a r a t e  r u n s ,  t o  p ro v id e  a 1$  t o t a l  volume o f  the  v a p o r .  The
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sample was a l lo w ed  t p  e v a p o r a t e  and d i s p e r s e  and the  i n t e n s i t i e s  
o f  th e  two a c e t o n e  peaks  were a g a i n  r e c o r d e d .  No i n t e r f e r e n c e  w i th  
t h e  a c e t o n e  s i g n a l  was o b se rv ed  a t  t h e s e  l e v e l s ,  which  w ere  above 
th o s e  n o r m a l ly  found i n  t h e  a tm o s p h e re ,  and t h e i r  p r e s e n c e  i n  t h e  
a tm osphere  shou ld  n o t  i n t e r f e r e  w i t h  th e  d e t e r m i n a t i o n  o f  a c e t o n e .
The above compounds a r e  t r a n s p a r e n t  to  1 0 . 6  m ic rons  r a d i a t i o n ;  
e t h y l e n e ,  how ever ,  e x h i b i t s  a s t r o n g  a b s o r p t i o n  a t  t h e  1 0 .6  r e g i o n ,  
and might be e x p e c te d  t o  i n t e r f e r e  i n  some manner .  A c c o r d i n g l y ,  
e t h y l e n e  was r u n  in  a l i k e  manner a t  0.1^,  by volume. Both a c e to n e  
peaks  e x h i b i t e d  a r e l a t i v e  enhancement o f  around t e n  p e r  c e n t .  A 
second r u n  a t  0 .01^  e t h y l e n e  e x h i b i t e d  no enhancement o f  th e  a c e to n e  
s i g n a 1 .
The enhancement  co u ld  p r o b a b l y  be a t t r i b u t e d  to  induced  
f l u o r e s c e n c e ,  by which e t h y l e n e  co u ld  a b so r b  1 0 .6  m ic ron  r a d i a t i o n  
and t r a n s f e r  t h i s  energy  t o  a c e t o n e  by c o l l i s i o n s .  T h i s  ty p e  o f  
c o l l i s i o n a l  a c t i v a t i o n  i s  t h e  b a s i s  o f  en e rg y  t r a n s f e r  i n  t h e  c a rb o n  
d i o x i d e  l a s e r  (1 2 7 ) ,  anc* may be  o p e r a t i v e  h e r e .  As e t h y l e n e  
i s  r a r e l y  p r e s e n t  a t  th e  above l e v e l s  i t  sh o u ld  n o t  i n t e r f e r e  w i t h  
th e  d e t e r m i n a t i o n .  T h i s  ty p e  of  e f f e c t  shou ld  be c o n s i d e r e d ,  how­
e v e r ,  when u s i n g  t h i s  t e c h n i q u e  f o r  a tm o s p h e r i c  a n a l y s i s .
Oxygenated and h a l o g e n a t e d  h y d ro c a rb o n s  a r e  a l s o  p r e s e n t  i n  
t h e  a tm o s p h e r e ,  and th e  e f f e c t s  o f  the  p r e s e n c e  o f  e t h a n o l ,  c h l o r o ­
form and c a r b o n  t e t r a c h l o r i d e  on th e  e m is s io n  s i g n a l  o f  a c e t o n e  were  
s t u d i e d  a s  examples  o f  t h e s e  compounds.
Carbon  t e t r a c h l o r i d e  and c h lo r o f o r m ,  when p r e s e n t  a t  th e  1$ 
l e v e l ,  and r u n  a c c o r d i n g  t o  i d e n t i c a l  p r o c e d u re s  used p r e v i o u s l y ,
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showed no i n t e r f e r e n c e  w i th  e i t h e r  the  5 .8  o r  t h e  8 .6  m ic ron  peak  o f  
a c e t o n e .  E t h a n o l ,  however ,  was c a p a b l e  o f  a b s o r b i n g  1 0 . 6  mic ron  
r a d i a t i o n  to  some e x t e n t  and d id  enhance  b o th  peaks  o f  a c e to n e  when 
p r e s e n t  a t  the  1$, l e v e l .  No enhancement  was o bse rved  when t h e  
e t h a n o l  c o n c e n t r a t i o n  was r ed u ced  to  0 . 1$ .
F i n a l l y ,  i n d u s t r i a l  s t a c k  e f f l u e n t s  c o n t a i n  v a r y i n g  amounts o f  
o x id e s  o f  n i t r o g e n  and s u l f u r  d i o x i d e  as  w e l l  a s  many o t h e r  nox ious  
g a s e s .  T h e r e f o r e ,  the  e f f e c t  o f  t h e s e  g a se s  on the  i n t e n s i t y  o f  
t h e  a c e t o n e  s i g n a l  was i n v e s t i g a t e d  a l s o ,  These  s t u d i e s  were  r u n  in  
e x a c t l y  t h e  same manner a s  th e  p r e v i o u s  s t u d i e s .
S u l f u r  d i o x i d e ,  when p r e s e n t  a t  0 . 1 $  r e d u c e d  b o th  peaks  by 
a p p r o x i m a t e l y  80$ ,  a t  0 .05$ the  i n t e n s i t y  was reduced  a p p r o x im a te ly  
20$  and. no i n t e r f e r e n c e  was o b se rv ed  when s u l f u r  d i o x i d e  i s  p r e s e n t  
a t  O .O l ^ .
For. a s t u d y  on t h e  e f f e c t  o f  the  o x id e s  o f  n i t r o g e n ,  a m ix tu r e  
o f  e q u a l  amounts o f  n i t r i c  o x id e  and n i t r o g e n  d i o x i d e  was used as 
t h e  i n t e r f e r a n t .  A t o t a l  c o n c e n t r a t i o n  o f  0 . 1 $  d e p r e s s e d  th e  i n ­
t e n s i t y  o f  b o th  a c e t o n e  peaks  by 60$  w h i l e  a c o n c e n t r a t i o n  
o f  0 . 0 1 $  showed no e f f e c t  on s i g n a l  i n t e n s i t y .  None o f  th e  above 
compounds shou ld  be p r e s e n t  in  normal a i r  a t  s u f f i c i e n t  l e v e l s  to  
c a u s e  i n t e r f e r e n c e s ,  bu t  t h e i r  p o s s i b l e  e f f e c t  shou ld  be c o n s i d e r e d .
N e i t h e r  t h e  o x id e s  o f  n i t r o g e n ,  n o r  s u l f u r  d i o x i d e  e x h i b i t e d  
s i g n i f i c a n t  a b s o r p t i o n  o f  1 0 .6  m ic ron  r a d i a t i o n ,  so t h e i r  e f f e c t  on 
t h e  a c e t o n e  f l u o r e s c e n c e  shou ld  n o t  r e s u l t  f rom  a b s o r p t i o n  o f  th e  
l a s e r .  C o l l i s i o n a l  d e a c t i v a t i o n  i s  a p r o b a b i l i t y ,  b u t  i t  seems more 
l i k e l y  t h a t  t h e s e  r e a c t i v e  g a se s  r e a c t  w i t h  t h e  a c e t o n e ,  t h e r e b y
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re d u c in g  e m is s io n  i n t e n s i t y .
The s t u d i e s  on the  e f f e c t  of  a tm o s p h e r i c  components i n d i c a t e d  
a l a c k  o f  i n t e r f e r e n c e s  i n  t h e  d e t e r m i n a t i o n  o f  a c e t o n e .  Only t h o s e  
compounds which  may abso rb  t h e  r a d i a t i o n  seemed t o  e x h i b i t  any t r u e  
i n t e r f e r e n c e ,  and t h i s  was s e e n  on ly  a t  r e l a t i v e l y  h i g h  c o n c e n t r a ­
t i o n s .  However,  t h e s e  e f f e c t s  must be c a r e f u l l y  c o n s i d e r e d  in  
a tm o s p h e r i c  i n v e s t i g a t i o n s .  The r e a c t i v e  g a se s  may d e s t r o y  the  
a c e t o n e  in  a tm o s p h e re ,  b u t  sh o u ld  not i n t e r f e r e  w i th  t h e  d e t e r m i n a ­
t i o n  o f  am b ien t  a c e to n e  c o n c e n t r a t i o n s .
The O r i g i n  o f  th e  Em iss ion  S i g n a l
U n l ik e  f l u o r e s c e n c e  i n  t h e  u l t r a v i o l e t  o r  v i s i b l e  r e g i o n s  as  
a r e s u l t  o f  e l e c t r o n i c  e x c i t a t i o n ,  a s i g n a l  s i m i l a r ,  i f  n o t  i d e n t i ­
c a l ,  t o  t h a t  o f  v i b r a t i o n a l  f l u o r e s c e n c e  can  be produced  by s imply  
warming the  s a m p le .  Thermal e x c i t a t i o n  i s  a w e l l  known phenomenon. 
The h e a t e d  m o le c u le  r e l e a s e s  energy  i n  t h e  form o f  i n f r a r e d  r a d i a ­
t i o n  a t  c h a r a c t e r i s t i c  w a v e le n g th s  01* f r e q u e n c i e s .
In  t r u e  v i b r a t i o n a l  f l u o r e s c e n c e ,  a m o lecu le  c an  a b s o r b  i n f r a ­
r e d  r a d i a t i o n  and t h i s  e n e r g y  may be d i s t r i b u t e d  among o t h e r  d e ­
g r e e s  o f  f reedom  o f  t h e  m o le c u le .  O the r  v i b r a t i o n a l  modes may 
become a c t i v a t e d ,  and may e m i t  r a d i a t i o n  a t  t h e i r  own c h a r a c t e r i s t i c  
w a v e l e n g t h s .
I t  was n e c e s s a r y  t o  d e t e r m i n e  the  o r i g i n  o f  th e  e m i s s i o n  s i g n a l  
o b se rv ed  f o r  a c e t o n e  b e c a u s e  t h e r e  were  d i s t i n c t  p o s s i b i l i t i e s  f o r  
t h e rm a l  e x c i t a t i o n .  The windows o f  t h e  c e l l  became q u i t e  warm d u r i n g  
o p e r a t i o n  o f  t h e  l a s e r ,  e v e n  though t h e y  w e re  co o led  by an  a i r s t r e a m  
t o  p r e v e n t  c r a c k i n g ,  and may have h e a t e d  th e  vapor  enough to  c au se
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a th e rm a l  e m i s s i o n  s i g n a l .  A l t e r n a t i v e l y ,  p a r t i c l e s  o r  d r o p l e t s  i n  
t h e  p a th  o f  t h e  l a s e r  beam may have.become h e a t e d  s u f f i c i e n t l y  f o r  
th e rm a l  e m i s s i o n  to  o c c u r .
As th e r m a l  e m i s s i o n  a r i s e s  from a h e a t i n g  e f f e c t ,  i t  sh o u ld  
p e r s i s t  f o r  some p e r i o d  o f  t ime a f t e r  th e  s o u rc e  o f  h e a t  has  been 
removed.  V i b r a t i o n a l  f l u o r e s c e n c e ,  on th e  o t h e r  h a n d ,  has  a l i f e ­
t ime o f  0 . 1  t o  10 m i l l i s e c o n d s  (1 1 0 ) .  A c c o r d i n g l y ,  t h e  i n t e n s i t y  o f  
t h e  e m is s io n  was m o n i to r ed  as  th e  l a s e r  was sw i tch e d  on and o f f .  The 
decay  t ime was w i t h i n  t h e  r e sp o n se  t ime  o f  the  r e c o r d e r ,  b u t  t h i s  
was from f o u r  t o  s even  s e c o n d s .  T h i s  e v id e n c e  was n o t  c o n c l u s i v e .  
S cann ing  t h e  r e g i o n  o f  an  em iss io n  peak  im m ed ia te ly  a f t e r  s w i t c h i n g  
o f f  the  l a s e r  produced no ev idence  o f  e m i s s i o n ,  b u t  h e r e  a g a i n  the  
t im e d e l a y  was too l a r g e  f o r  a d e f i n i t e  c o n c l u s i o n .
If:  a modu la ted  s o u r c e  ,i s  used t o  s t i m u l a t e  f l u o r e s c e n c e ,  th e  
e m i s s i o n  s i g n a l  w i l l  be  m o du la ted ,  and an a . c .  a m p l i f i e r  w i l l  be 
a b l e  to. d i f f e r e n t i a t e  be tw een  a th e rm a l  and t r u e  f l u o r e s c e n c e .  Th is  
t e c h n i q u e  i s  o f t e n  used  i n  a tomic  a b s o r p t i o n  and a tom ic  f l u o r e s c e n c e  
to  o b v i a t e  any th e rm a l  e m is s io n  t h a t  might  o c c u r .
A c c o r d i n g l y ,  t h e  l a s e r  beam was modula ted  i n  t h e  f o l l o w i n g  
way: the. i n t e r n a l  c h o p p e r  of  the  s p e c t r o p h o t o m e t e r  was removed,
and the  c h o p p e r  a p p a r a t u s  d e s c r ib e d  i n  a p r e v i o u s  s e c t i o n  was p l a c e d  
i n  the  p a t h  o f  the  l a s e r  beam. The chopper  was th e n  phase  lo ck ed  
i n t o  t h e  i n s t r u m e n t a l  a m p l i f i e r  so t h a t  no e x t r a n e o u s  r a d i a t i o n ,  
modula ted  o r  u n m o d u la te d ,  cou ld  be d e t e c t e d  by t h e  i n s t r u m e n t .  
Var ious;  s o u r c e s  o f  t h e r m a l  e n e r g y ,  such  a s  c i g a r e t t e s ,  s o l d e r i n g  
i r o n s , ,  e t c .  were  u n a b le  to  s t i m u l a t e  a r e s p o n s e  when p la ce d  d i r e c t l y
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in  f r o n t  o f  the  e n t r a n c e  s l i t s  o f  t h e  monochromator.  These  same 
s o u r c e s ,  however ,  w ere  a b l e  t o  cau se  s t r o n g  r e s p o n s e  when t h e y  were 
p laced  beh ind  the  e x t e r n a l  chopper  and t h e i r  r a d i a t i o n  was fo c u sed  
on t h e  e n t r a n c e  s l i t s .
The s p ec t ru m  o f  a c e to n e  o b t a i n e d  u s in g  t h e  modula ted  s o u rc e  i s  
shown i n  F i g u r e  112 .  The c a l i b r a t i o n  o f  a c e t o n e  i n t e n s i t y  v e r s u s  
c o n c e n t r a t i o n  i s  shown i n  F i g u r e s  113 and I l k  (T ab les  69 and ' fO) f o r  
the  5 -8  and 8 .6  m ic rons  p e ak s ,  r e s p e c t i v e l y .  The p r e s e n c e  o f  an  e m is ­
s i o n  s i g n a l  u s in g  an  a . c .  a m p l i f i e r  and a m odu la ted  s o u r c e  g i v e s  
s t r o n g  e v id e n c e  f o r  th e  p r e s e n c e  o f  t r u e  v i b r a t i o n a l  f l u o r e s c e n c e .
The i n t e n s i t y  o bse rved  in  t h i s  mode o f  o p e r a t i o n  was a p p r o x i ­
m a te ly  h a l f  t h a t  o b s e r v ed  in  t h e  p re v io u s  c a l i b r a t i o n  s t u d i e s .  I t  
i s  p o s s i b l e  t h a t  t h e  fo rm er  s i g n a l  was a r e s u l t  o f  th e  combined 
e f f e c t s  o f  the rm al  e m i s s io n  and v i b r a t i o n a l  f l u o r e s c e n c e ,  w h i l e  th e  
l a t t e r  s i g n a l  c o n s i s t e d  o f  v i b r a t i o n a l  f l u o r e s c e n c e  a l o n e .  A l t e r n a ­
t i v e l y ,  t h e  chopper  may have  been  somewhat o u t  o f  phase  w i t h  t h e  
f l u o r e s c e n c e  s i g n a l .  I t  seems p o s s i b l e  t h a t  b o t h  of  th e  above 
f a c t o r s  w ere  o p e r a t i v e .
I t  s h o u ld  be no ted  t h a t  the  use  o f  an e x t e r n a l  ch o p p er  e l i m i ­
n a te d  t h e  v a r i o u s  peaks  and v a l l e y s  i n  t h e  i n s t r u m e n t a l  background .  
T h i s  f a c t  l en d s  c r e d e n c e  to  the  t h e o r y  t h a t  t h e s e  background peaks 
o r i g i n a t e d  from s p u r i o u s  em ana t ions  w i t h i n  t h e  h o u s i n g  o f  t h e  i n ­
s t r u m e n t .
The e x t r e m e ly  n o i s y  b a s e l i n e  was caused  by  t h e  b a s i c  d e s i g n  of  
the  I n s t r u m e n t .  The a m p l i f i e r  was de s ig n ed  f o r  optimum o p e r a t i o n  
and s t a b i l i t y  when compar ing  two r e l a t i v e l y  l a r g e  s i g n a l s .  When th e
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FIGURE 1 1 3 . THE CALIBRATION OF FLUORESCENCE INTENSITY FOR






0 .0 4 0 .0  G
ACETONE CONCENTRATION -  flq/cc
3 i o
TABLE 6 9 . The c a l i b r a t i o n  o f  th e  5*8 micron  f l u o r e s c e n c e  peak of  
a c e t o n e .
C o n cen t ra  Cion 
p-g/cc Raw I n t e n s i t y
F l u o r e s c e n c e  I n t e n s i t y  
N o rm a l i z in g  F a c t o r
R e l a t i v e
I n t e n s i t y
0 . 0 3 22 1 22
0 .0k 27 1 27
0 .0k 19 1 . 5 29
0 .0  6 27 1 . 5 k l
0 .0 6 I k 2 . 9 ko
0 .0 8 19 2 .9 55












FIGURE Ilk-. THE CALIBRATION OF FLUORESCENCE INTENSITY FOR




0.02. 0 .04 0 .06
ACETONE CONCENTRATION -  fJQ/cc
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TABLE TO. The c a l i b r a t i o n  of  the  8 . 6  micron f l u o r e s c e n c e  peak 
o f  a c e t o n e .
C o n c e n t r a t i o n  F lu o r e s c e n c e  I n t e n s i t y
R e l a t i v e
p,g/cc Raw I n t e n s i t y  N orm al iz ing  F a c t o r  I n t e n s i t y
0 .0 1 27 1 27
0 .0 2 46 1 46
0 .0 3 76 I 76
O.Oh 95 1 95
O.Oh 63 1 .5 98
0.06 94 1 .5 141
o .o  6 50 2 .9 14-5
0 . 0 3 63 2 .9 182
0 ,1 0 76 1 2 .9 220
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i n s t r u m e n t  was used t o  s c a n  an e m is s io n  s i g n a l ,  the  a m p l i f i e r  was 
com par ing  a r a t h e r  l a r g e  r e f e r e n c e  s i g n a l  w i t h  n o t h i n g ,  e x c e p t  a t  
t h o s e  w a v e le n g th s  a t  w h ich  e m i s s i o n  o c c u r r e d .  T h i s  may h ave  caused  
t h e  r e c o r d e r  t o  " h u n t"  f o r  z e r o ,  and r e s u l t e d  i n  a n o i s y  b a s e l i n e .
As a r e s u l t ,  t h e  d e t e c t i o n  l i m i t s  f o r  a c e t o n e  were  h i g h e r  than  
optimum. A new a m p l i f i e r ,  how ever ,  d e s ig n e d  s p e c i f i c a l l y  f o r  s i n g l e  
beam e m is s io n  s t u d i e s  sh o u ld  q u i c k l y  a l l e v i a t e  t h i s  p ro b le m .
Mechanism of  E x c i t a t i o n  
The o u t s t a n d i n g  f e a t u r e  o f  the  f l u o r e s c e n c e  s p e c t ru m  o f  a c e to n e  
i s  th e  e m is s io n  of  r a d i a t i o n  a t  a h i g h e r  e n e rg y  l e v e l  th a n  t h e  e x ­
c i t i n g  r a d i a t i o n .  C o n s i d e r a t i o n  o f  the  mechanism o f  t h e  f l u o r e s c e n c e  
o f  a c e t o n e  sh o u ld  i n c l u d e  a r e a s o n a b l e  t h e o r y  c o n c e r n i n g  th e  a p p e a r ­
ance  o f  t h e s e  h i g h e r  e n e rg y  b an d s .
The f o l l o w i n g  e q u a t i o n  e x p r e s s e s  th e  g e n e r a l  r e l a t i o n s h i p  be­
tween  th e  power o f  the  i n c i d e n t  r a d i a t i o n  and the  f l u o r e s c e n c e  ( I 3 0 ) :
PF = YP° (1)
where  Pp = r a d i a n t  power e m i t t e d  as  f l u o r e s c e n t  
r a d i a  t i o n
P° = r a d i a n t  power im p in g in g  on the  sample 
y  = p r o p o r t i o n a l i t y  f a c t o r  which a c c o u n t s  
f o r  l o s s  o f  energy  th ro u g h  p r o c e s s e s  
o t h e r  t h a n  t h e  f l u o r e s c e n t  r a d i a t i v e  
t r a n s  i t i o n .
The f o l l o w i n g  mechanisms o f  e x c i t a t i o n  w i l l  be c o n s i d e r e d :
( a )  d i r e c t  a b s o r p t i o n ,  (b )  induced  f l u o r e s c e n c e ,  ( c )  th e rm a l  e x c i ­
t a t i o n ,  and (d )  " n o n - q u a n t i z e d "  t r a n s f e r .
( a ) D i r e c t  A b s o r p t io n
A cetone  i s  c a p a b l e  o f  a b s o r b i n g  t h e  1 0 . 6  m ic rons  r a d i a t i o n  o f
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th e  c a rb o n  d i o x i d e  l a s e r .  I f  t h e  energy  i s  n o t  im m e d ia te ly  r a d i a t e d  
by re so n an c e  f l u o r e s c e n c e ,  i t  may be d i s t r i b u t e d  among t h e  o t h e r  
d e g r e e s  o f  f reedom of the  m o l e c u l e .  O th e r  v i b r a t i o n a l  modes may 
become a c t i v a t e d ,  and may e m i t  r a d i a t i o n  a t  t h e i r  own c h a r a c t e r i s t i c  
w a v e l e n g t h s .  T h i s  i s  t h e - g e n e r a l  ca se  f o r  f l u o r e s c e n c e ,  b u t  does 
n o t  e x p l a i n  t h e  a p p ea ran ce  o f  r a d i a t i o n  a t  e n e rg y  l e v e l s  h i g h e r  t h a n  
t h a t  o f  the  e x c i t i n g  r a d i a t i o n .  This  p o i n t  w i l l  be examined l a t e r  
i n  t h i s  s e c t i o n .
I f  d i r e c t  a b s o r p t i o n  o f  r a d i a t i o n  o c c u r s ,  the  r e l a t i o n s h i p  b e ­
tween i n c i d e n t  r a d i a t i o n  c a n  fee app ro x im a ted  a s :
Fabs  = P° ( l - e " k l )dv (2)
where Pab§ = r a d i a n t  power ab so rb ed  by t h e  sample
P = i n c i d e n t  r a d i a n t  power
k = a b s o r p t i o n  c o e f f i c i e n t  a t  v
I  = p a th  l e n g t h  th ro u g h  w hich  a b s o r p t i o n
t a k e s  p l a c e .
Combining:
Pp = dP° ( l - e k l )dv (3)
where  d = the  quantum e f f i c i e n c y  o f  the  p r o c e s s  
y = d ( l - e k^ )  dv .
As the  above c a s e  a p p l i e s  t o  r e s o n a n t  r a d i a t i o n ,  s e l f - a b s o r p ­
t i o n  may o c c u r ,  and must be c o n s i d e r e d .  T h e r e f o r e ,  t h e  energy  
e m i t t e d  as  f l u o r e s c e n t  r a d i a t i o n  can be g i v e n  a s :
PF = dP° ( l - e ^ J e -1^ 2 c o s h ( k l / 2 ) d v  (4 )
where  e c o s h ( k l / 2 )  a p p r o x i m a t e l y  a c c o u n t s  f o r
s e l f - a b s o r p t i o n  o f  the  f l u o r e s c e n t  r a d i a t i o n  (1 3 1 ) .
515
E q u a t io n  b can  be r e w r i t t e n  in  terras o f  i n t e n s i t y  by d i v i d i n g  
Pp by th e  a r e a  o f  the  e m i t t i n g  sample and by UTT s t e r a d i a n s .  
T h e r e f o r e :
= ( l " e ' k l )e " k l / S  c o s h ( k l / 2 )dv ( 5 )
where Af = a r e a  o f  e m i t t i n g  sample
The above h o ld s  on ly  f o r  c a s e s  where  t h e  e x c i t i n g  and f l u o r e s ­
c e n t  r a d i a t i o n  a r e  o f  t h e  same f r e q u e n c y ,  and must be expanded when 
f l u o r e s c e n c e  o c c u r s  a t  o t h e r  w a v e l e n g t h s .
At t h i s  p o i n t  i t  sho u ld  be e x p l a i n e d  t h a t  th e  s c a t t e r  peak  from 
t h e  l a s e r  o c c u r r e d  a t  1 0 .6  m ic rons  i n  a l l  r u n s ,  and was so  i n t e n s e  
t h a t  i t  p r e c lu d e d  any measurement of  the  r e s o n a n t  r a d i a t i o n .  T h e r e ­
f o r e ,  t h e  1 0 .6  ^ peak  i s  n o t  d e p i c t e d  on th e  s p e c t r a  o f  a c e t o n e  p r e ­
s e n t e d  i n  t h i s  d i s s e r t a t i o n .
When f l u o r e s c e n c e  o c c u r s  a t  w a v e le n g th s  d i f f e r i n g  from t h a t  o f  
e x c i t a t i o n ,  t h e  e q u a t i o n  becomes
1 “  I f r f f  £ ( l - e ‘ k l l ) e ' k 2 l /2  c o s h ( k 2 l / 2 )dv (6 )
where  s u b s c r i p t s  2 r e f e r s  to  t h e  e x c i t e d  s t a t e  from 
which  f l u o r e s c e n c e  o c c u r s ,  and 1 r e f e r s  to  
t h e  e x c i t e d  s t a t e  r e s u l t i n g  from a b s o r p t i o n  o f  
e x c i t i n g  r a d i a t i o n .
Cfs  = the  number o f  m o le c u le s  which undergo  
the  o b s e r v e d  f l u o r e s c e n t  t r a n s i t i o n  
d i v i d e d  by t h e  t o t a l  number o f  m o le c u le s  
l e a v i n g  s t a t e  2 . 1 
$1 = t h e  number o f  m o le c u le s  which r e a c h  s t a t e  
2 from s t a t e  1 d i v i d e d  by t h e  number o f  
m o le c u le s  l e a v i n g  s t a t e  1 
vs  = the  f r e q u e n c y  of  the  e m i t t e d  r a d i a t i o n  
\>i *= the  f r e q u e n c y  of  t h e  e x c i t i n g  r a d i a t i o n
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&
,)t2. = th e  energy  e f f i c i e n c y  o f  th e  p ro -  
Vl c e s s ,  d e f i n e d  as  the  e n e r g y  e m i t t e d  
p e r  energy  absorbed  
k2 & k i  = t h e  a b s o r p t i o n  c o e f f i c i e n t  o f  the  
e m i t t e d  and absorbed  r a d i a t i o n  
r e s p e c t i v e l y .
In  c a s e s  where more th a n  one band f l u o r e s c e s ,  t h e  e q u a t i o n  may 
b e  e x p a n d e d :
P ($i /-i “k i l \  r j  - k p l / 2  , / k p l \  ,
XF = (1 ~G )-[va<^s e 2 c o s h ( - ^ )  +
v 3$a c o s h f ^ 1) + ................ ]dv  ( 7 )
where  s u b s c r i p t s  2 , 3 ) e t c ,  r e f e r s  to  o t h e r  e n e rg y  l e v e l s
g i v i n g  r i s e  to  f l u o r e s c e n c e .
I f  t h e  f l u o r e s c e n c e  i n t e n s i t y  o f  a p a r t i c u l a r  band i s  
p l o t t e d  v e r s u s  c c n c e n t r a t i o n ,  or K0) the  cu rve  w i l l  be n e a r l y  l i n e a r  
a t  low c o n c e n t r a t i o n s ,  and curved  a t  h igh  v a lu e s  o f  Nq ) h ig h
v a l u e s  o f  k l .  This  c u r v a t u r e  a t  h ig h  v a lu e s  o f  N0 i s  a r e s u l t  o f  
s e l f - a b s o r p t i o n .  As N0 i n c r e a s e s ,  (1 -e  a p p ro a c h e s  1 ,  e ~
a p p r o a c h e s  z e r o ,  and th e  cu rv e  o f  Ip  v e r s u s  Nq goes  th ro u g h  a maxi­
mum and d e c r e a s e s .
When U. i s  s m a l l ,  as when t h e  d e t e c t i o n  l i m i t  i s  a p p r o a c h e d ,  
e q u a t i o n  6 may be s i m p l i f i e d  by ex p an d in g  the  (1 - e  t e rm  and
n o t i n g  t h a t  e co sh ( -^ ~ : ) a p p ro x im a te s  1 .  Then Ip  i s  g iv e n  by (130) :
*  -  f f i f l  t  k l  < 8 )
By d e f i n i n g  k (X3 2 ) f o r  a g iv e n  a b s o r p t i o n  band a s :
K = O'Nq A £
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where  a  -  a c o n s t a n t  i n c l u d i n g  th e  s t a t i s t i c a l  
w e i g h t  o f  the  upper  and low er  s t a t e s ,  
t h e  w a v e le n g th s  o f  the  s t a t e s ,  and 
t h e  band h a l f  w i d t h s .
N0 = th e  ground s t a t e  c o n t r i b u t i o n  o f  the  
a b s o r b i n g  s p e c i e  
At  = t h e  t r a n s i t i o n  p r o b a b i l i t y .
The e q u a t i o n  c a n  be w r i t t e n  f o r  a g iv e n  f l u o r e s c e n t  band o f  a g iv e n  
s p e c i e  by com bin ing  a l l  c o n s t a n t s  a s :
I F = C P°N0 (9 )
I f  t h e  i n c i d e n t  power o f  e x c i t i n g  r a d i a t i o n  i s  c o n s t a n t ,  I  w i l l  be 
l i n e a r  w i t h  c o n c e n t r a t i o n .  S e n s i t i v i t y  can  be i n c r e a s e d  by i n ­
c r e a s i n g  th e  power o f  the  e x c i t i n g  r a d i a t i o n .
While  th e  above i n d i c a t e s  t h e  l i n e a r i t y  o f  th e  i n t e n s i t y  v e r ­
su s  c o n c e n t r a t i o n  r e l a t i o n s h i p ,  i t  does  n o t . e x p l a i n  the  a p p e a ra n c e  
o f  f l u o r e s c e n t  bands a t  f r e q u e n c i e s  more e n e r g e t i c  th a n  t h a t  of  
e x c i t a t i o n .  A p r i o r i , t h i s  seems to  be i n  v i o l a t i o n  of t h e  t h i r d  
law o f  the rm odynam ics ,  b u t  when th e  p a r a m e te r s  a r e  examined more 
c l o s e l y ,  s e v e r a l  p l a u s a b l e  e x p l a n a t i o n s  p r e s e n t  t h e m s e lv e s .
Y a rd ly  (1 2 7 ) has  e x c i t e d  c a rb o n  d i o x i d e  u s i n g  962 cm 1 (1 0 .6  p.) 
r a d i a t i o n  and o b se rv ed  f l u o r e s c e n c e  a t  2330 cm 1 p-), an  e n e rg y
d i f f e r e n t i a l  more ex treme th a n  o b se rv ed  i n  t h i s  work .  T h i s  i s  
a cco m p l i sh ed  by r e v e r s i n g  t h e  l a s i n g  p r o c e s s  ( F i g .  1 1 5 ) .  The t r a n s i ­
t i o n  between the  lower  l a s i n g  l e v e l ,  1388 cm 1 above th e  ground 
s t a t e ,  and t h e  upper  l e v e l  i s  s a t u r a t e d  w i t h  r a d i a t i o n  o f  962 cm 1 
from a c a r b o n  d i o x i d e  l a s e r .  The f l u o r e s c e n c e  o c c u r r i n g  due t o  th e  
t r a n s i t i o n  be tween  t h i s  upper  l e v e l  and t h e  ground s t a t e  i s  ob ­
s e r v ed  a t  2350 cm ■*■. Due to  th e  e n e r g y  d i f f e r e n c e  between t h e  lower
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FIGURE 115. LASER INDUCED FLUORESCENCE LEVELS OBSERVED
IN CARBON DIOXIDE














l a s i n g  l e v e l  and th e  ground s t a t e ,  th e  th e rm a l  p o p u l a t i o n  o f  th e  
lower l e v e l  i s  sm a l l  and t h e  f l u o r e s c e n c e  i n t e n s i t y  i s  r e l a t i v e l y  weak; 
how ever ,  a s i m i l a r  phenomena i s  p o s s i b l y  o p e r a t i v e  i n  a c e t o n e .
The t r a n s i t i o n s  o b se rv ed  i n  t h i s  work occu r  a t  a p p r o x i m a t e l y  
1731 cm"1 (5 .8  p ) ,  1355 cm' 1 ( 7 .5  p )  and 1215 cm"1 (8 .5  p ) .  T h a t  
i n f r a r e d  e m is s io n  o c c u r s  a t  a b s o r p t i o n  w a v e le n g th s  h a s  been  w e l l  
documented ,  and t h e  normal a b s o r p t i o n  t r a n s i t i o n s  were  a s s i g n e d .  
I n t e r e s t i n g l y ,  Giovanna and O v e ren t  (133) have  documented e n e rg y  
l e v e l s  which o c cu r  a t  777  cm 1 ( 1 2 . 8  p ) ,  385 cm 1 (26 p ) ,  and 
259 c m 1 (37 p ) ;  a l l  a p p r o x i m a t e l y  962 cm 1 (1 0 ,6  p )  below t h e  ob­
s e r v e d  f l u o r e s c e n t  t r a n s i t i o n s .
I t  t h e n  i s  p o s s i b l e  to  p o s t u l a t e  t h e  f o l l o w i n g  mechanism ( F i g .  
1 1 6 ) .  M o lecu les  which a r e  t h e r m a l l y  e x c i t e d  to t h e  777 cm 1 s 385 cm 1 
o r  259 cm"1 l e v e l s ,  a b s o r b  the  962 cm 1 r a d i a t i o n ,  and a r e  e x c i t e d  t o  
th e  1731 cm" 1 ( 3 .8  p ) ,  1355 cm" 1 ( 7 .5  p )  o r  1215 cm" 1 (8 .5  P )  l e v e l s  
r e s p e c t i v e l y ;  t h e  bands observed  co u ld  t h e r e f o r e ,  be  t h e  normal  
t r a n s i t i o n s  back to  th e  ground s t a t e .  T h i s  mechanism becomes even  
more f e a s i b l e  when one c o n s i d e r s  the  normal Boltzman p o p u l a t i o n  of  
th e  low er  l e v e l s .  As a f i r s t  a p p r o x i m a t i o n ,  th e  f r a c t i o n  o f  the  
m o le c u le s  occupy ing  v i b r a t i o n a l  l e v e l s  777 cm 1 , 385 cm 1 , and 
259 1 above th e  ground s t a t e  a t  room t e m p e r a t u r e  i s  0 .0 2 7 , 0 .1 3
and 0 . 2 7  r e s p e c t i v e l y .  When viewed in  t h i s  l i g h t ,  and c o n s i d e r i n g  
th e  f l u x  o f  a s i x t y  w a t t ,  n e a r l y  monochromatic  s o u r c e ,  t h e  o c c u r -  
r a n c e  o f  t h e s e  bands i s  n o t  a t  a l l  s u r p r i s i n g .
I t  i s ,  o f  c o u r s e ,  p o s s i b l e  f o r  t h e  m olecu le  t o  f i r s t  a b so r b  
962 cm 1 (1 0 .6  p )  r a d i a t i o n ,  and th e n  be t h e r m a l i z e d  to  th e  o b se rv ed
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FIGURE 1 1 6 . PROPOSED LASER INDUCED FLUORESCENCE MECHANISM


























































l e v e l s ,  bu t  t h i s  seems l e s s  p r o b a b l e  th a n  th e  fo r m e r ly  m ent ioned  
mechanism.
In  l a s e r  phenomena, i t  i s  n o t  a t  a l l  uncommon f o r  m u l t i p l e  
p h o to n  a b s o r p t i o n  to  o c c u r .  K a i s e r  (13*0 d e m o n s t r a t ed  d oub le  photon 
a b s o r p t i o n  i n  I 96I ,  and S in g  d e m o n s t r a t ed  th e  a b s o r p t i o n  o f  t h r e e  
p h o to n s  i n  1964 (1 3 5 )* I t  I s  t h e n  p o s s i b l e  t h a t  a c e to n e  abso rbed  
two photons  u n d e r  th e  i n t e n s e  f l u x  of  c o h e r e n t  r a d i a t i o n  and d i v e s t e d  
i t s e l f  o f  t h i s  energy  by f l u o r e s c e n c e  a t  l o n g e r  w a v e le n g th s  (F ig ,
1 1 7 ).
Acetone  ha s  on ly  weak a b s o r p t i o n  in  t h e  r e g i o n  o f  d oub le  the  
l a s e r ' s  f r e q u e n c y ,  1924 cm 1 (5*5 I1 )) b u t  i t  ha s  s e v e r a l  pa thways 
t o  t h e  ground s t a t e  which l e a d  th rough  t h e  f r e q u e n c i e s  a t  which 
f l u o r e s c e n c e  ha s  been o b s e r v e d .  The d i f f e r e n c e  in  f r e q u e n c i e s  
be tw een  1924 cm 1 and 1731 cm 1 , 1255 cm 1 o r  1215 cm 1 a r e  193 cm 1 , 
569 cm”1 and 709 cm"1 . A t ,  o r  n e a r ,  t h e  l a t t e r  v a l u e s  a r e  energy  
l e v e l s  o f  a c e t o n e  (1 3 3 ) th ro u g h  w h ich ,  o r  a c o m b in a t io n  o f  w h ich ,  
t r a n s i t i o n  may o c c u r .  M oreover ,  a s  t h e  r e s o l u t i o n  o f  t h e  monochro- 
m a t e r  was s e r i o u s l y  degraded  by the  s l i t  w id th  u s e d ,  t h e  a c t u a l  
f r e q u e n c y  o f  maximum i n t e n s i t y  i s  r a t h e r  n e b u lo u s .  There  a r e  s e v e r a l  
a b s o r p t i o n  maxima in  t h e  r e g i o n  o f  f l u o r e s c e n c e  and th e  e x a c t  match 
o f  p a th  f r e q u e n c i e s  i s  n o t  m anda to ry .  T h i s  pathway f o r  f l u o r e s c e n c e  
i s  made even  more a t t r a c t i v e .  R o t a t i o n a l  l e v e l  o v e r l a p s  p roduce  
e v e n  more matched  pathways f o r  t h i s  method t o  o p e r a t e .
Of t h e  two e x c i t a t i o n  mechanisms p roposed  f o r  d i r e c t  
a b s o r p t i o n ,  t h e  fo rmer  seems t o  be based  on a more s o l i d  f o u n d a t i o n .  
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t h e s e  phenomena should  p ro v e  e x t r e m e ly  i n t e r e s t i n g .
(b )  Induced F l u o r e s c e n c e
Induced f l u o r e s c e n c e  i s  a p r o c e s s  t h a t  i s  w e l l  documented i n  
bo th  e l e c t r o n i c  and v i b r a t i o n a l  f l u o r e s c e n c e .  I t  o c c u r s  when one 
s p e c i e s  a b s o r b s  e n e r g y ,  and t r a n s f e r s  t h i s  e n e rg y  t o  a second s p e c i e s  
which t h e n  r i d s  i t s e l f  o f  t h i s  energy  in  th e  form o f  f l u o r e s c e n c e .
Th i s  method o f  energy  t r a n s f e r  i s  o p e r a t i v e  in  t h e  l a s i n g  a c t i o n  by 
c o l l i s i o n a l  t r a n s f e r  of e n e r g y  from n i t r o g e n  to  c a rb o n  d i o x i d e .
The p r o c e s s  of  induced  f l u o r e s c e n c e  would be governed  by s e v e r a l  
f a c t o r s .  The a c t u a l  p r o c e s s  may be r e p r e s e n t e d  a s  f o l l o w s  (1 3 6 ):
A — —> A* a c t i v a t i o n  o f  a b s o r b i n g  s p e c i e
A* +  B — £—> A +  B* t r a n s f e r  o f  e n e r g y
gx ---------> g 4- j-jv f l u o r e s c e n c e
Tlie f i r s t  p ro ces s  w i l l  be governed  by th e  same p a r a m e t e r s  of  
d i r e c t ' ,  a b s o r p t i o n  as d i s c u s s e d  in  t h e  p r e v i o u s  s e c t i o n .  P° , th e  power 
o f  the  i n c i d e n t  r a d i a t i o n ,  the  quantum e f f i c i e n c y  o f  t h e  p r o c e s s ,  
e t c . ,  The p r o d u c t i o n  o f  A* may, t h e r e f o r e ,  be e x p r e s s e d  in  a manner 
s i m i l a r  to  t h a t  g iven  i n  t h e  f i r s t  s e c t i o n :
I A* = KP°NoA (10 )
w here  I  = " i n t e n s i t y ” o f  p r o d u c t i o n  o f  A*
K = c o n s t a n t  
P = power of i n c i d e n t  r a d i a t i o n  
K°A = number of  m o le c u le s  o f  A
The second p ro c e s s  w i l l  be a c o l l i s i o n a l  t r a n s f e r  o f  v i b r a ­
t i o n a l '  e n e r g y ,  and i t s  r a t e  may be e x p r e s s e d  a s  a s im p le  second
o rd e r  r a t e  e q u a t io n :
r a t e  = k[A*][B] = the  r a t e  of  a c t i v a t i o n  o f  B to
th e  e x c i t e d  s t a t e  B* ( H )
where  A* ~ the  number o f  m o le c u le s  of  A i n  t h e
e x c i t e d  s t a t e ;  e q u i v a l e n t  to  I a * above 
B = the  number o f  m o le c u le s  o f  B 
p r e s e n t  = Nob 
k = r a t e  c o n s t a n t  f o r  th e  a c t i v a t i o n  
c o l l i s i o n .
The r a t e  c o n s t a n t  a c t u a l l y  c o n ce rn s  many f a c t o r s .  Some o f  
t h e s e  i n c l u d e  th e  e f f i c i e n c y  o f  t h e  t r a n s f e r  of e n e r g y ,  the  t r a n s i ­
t i o n  p r o b a b i l i t i e s  f o r  th e  t r a n s i t i o n s  A* -• A and B -• B* f o r  the  
c o l l i s i o n  p r o c e s s ,  as  w e l l  as  t h e  dependency of  th e  p r o c e s s  on th e  
number o f  c o l l i s i o n s  of A and B, which i s  governed by th e  p r e s s u r e  
and t e m p e r a t u r e .
The t h i r d  p r o c e s s  B* -* B +  hv i s  t h e  same r a d i a t i v e  p r o c e s s  p r o ­
d u c in g  t h e  f l u o r e s c e n c e  mentioned  i n  t h e  p r e v i o u s  s e c t i o n ,  and i s  
governed  b y ,  among o t h e r  t h i n g s ,  the  number o f  m o le c u le s  o f  B a p p e a r ­
in g  in  t h e  e x c i t e d  s t a t e ,  B*.
The r e l a t i o n s h i p s  f o r  the  i n c i d e n t  power to  th e  f l u o r e s c e n t  
i n t e n s i t y  s h o u ld  f o l l o w .
Ip O' K V n a  k Ng
o r  (1 2 )
1F = cV naNb
E t h y l e n e  ha s  an i n t e n s e  a b s o r p t i o n  band a t  t h e  l a s i n g  wave­
l e n g t h .  The enhancement  o f  bo th  the  5 . 8  |x and 8 . 6  ix peaks  o f  a c e t o n e  
i n  t h e  p r e s e n c e  o f  e t h y l e n e  i n d i c a t e d  t h a t  t h i s  mechanism o f
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excitation might have been operative in this case.
The enhancement of emission bands at higher energies than that 
of excitation, must involve some processes similar to those discussed 
in the previous section. If the laser energy was transferred to 
acetone at the same wavelength at which ethylene received it, the 
first mechanism discussed in the section must be operative. It is 
not impossible,however, for ethylene to absorb two or more quanta of 
energy and transfer energy at this or some lower level. Acetone 
could then redistribute this energy among its vibrational modes and 
fluoresce at the stated wavelengths in the normal manner.
(c) Thermal Emission
As has been mentioned previously, the thermal excitation of 
infrared radiation is well documented. The use of synchronous 
modulation of the excitation source should preclude the detection 
of radiation due only to the elevation of the temperature of the 
environment.. However, absorption of the intense, coherent laser beam 
might, conceivably, raise the vibrational temperature of the molecule 
to the point at which the observed emission would occur.
The intensity of the thermally excited emission is governed by 
the number of. molecules in a particular excited state which, in turn, 
is. governed by the Boltzman distribution:
I F f f N 0 e ' E / k t  (13)
where E = the energy of a transition 
k = Boltzman constant 
t = the temperature of a molecule in 
the laser beam 
No = the number of molecules in the 
ground state ,
w here  C** = p r o p o r t i o n a l i t y  c o n s t a n t .
In  o r d e r  f o r  the  s i g n a l  r e s u l t i n g  from t h i s  type  o f  e x c i t a t i o n  
t o  be d e t e c t e d ,  th e  e x c i t a t i o n - r e l a x a t i o n  mechanism must o ccu r  a t  a 
r a t e  g r e a t l y  e x c e e d in g  th e  r a t e  o f  m o d u la t io n .
T h i s  e x c i t a t i o n  mechanism i s  p r o b a b l y  n o t  one o f  pr ime 
im p o r t a n c e .  I t  seems u n l i k e l y  t h a t  t h e  th e rm a l  e x c i t a t i o n - r e ­
la x a  t i o n  p r o c e s s  would o ccu r  w i t h  s u f f i c i e n t  r a p i d i t y  t o  ap p ea r  i n  
ph a se  w i t h  s u f f i c i e n t  i n t e n s i t y  a t  the  a . c .  d e t e c t o r .  T h i s  mechanism 
would a l s o  i n v o lv e  the  most  d i f f i c u l t  e x p l a n a t i o n  f o r  th e  o c c u r r a n c e  
o f  f l u o r e s c e n c e  a t  w a v e le n g th s  o f  h i g h e r  energy  th a n  t h a t  o f  the  
e x c i t i n g  r a d i a t i o n .
( d ) lfN o n -q u a n t i z e d "  T r a n s f e r
I f  one c o n s i d e r s  t h e  p h y s i c a l  n a t u r e  o f  l i g h t  as  a r o t a t i n g  
d i p o l e  a s  p roposed  by Robinson  (157 j 1 5 8 ) ,  i t  i s  c o n c e i v a b l e  t h a t  an 
i n t e n s e  s o u r c e  o f  c o h e r e n t ,  _ i . , e . , i n  p h a s e ,  r o t a t i n g  d i p o l e s  cou ld  
induce  a v i b r a t i o n  i n  any m o lecu le  which p o s s e s s e s  a pe rm anent  or  
induced  d i p o l e ,  and t h e r e b y ,  p roduce  f l u o r e s c e n c e .  T h i s  phenomena has  
n o t  been  p roven  h e r e ,  b u t ,  i f  i t  e x i s t s ,  i t  i s  c o n c e i v a b l e  t h a t  
a b s o r p t i o n  o f  en e rg y  a t  a h i g h e r  en e rg y  t h a n  t h a t  o f  t h e  e x c i t i n g  
r a d i a t i o n  c o u l d  o c c u r .
U n l i k e  normal m o le c u la r  a b s o r p t i o n  i n  which a b s o r p t i o n  of 
r a d i a t i o n  r e s u l t s  i n  t r a n s i t i o n  be tween two s t a b l e  e n e r g y  l e v e l s ,  
t h i s  mechanism o f  a b s o r p t i o n ,  o f  l a s e r  r a d i a t i o n  co u ld  o c c u r  w i t h o u t  
a t r a n s i t i o n  be tween s t a b l e  s t a t e s .  I t  w o u ld ,  t h e r e f o r e ,  be c o n c e i v a b l e
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for absorption of coherent radiation to occur at a "non-absorbing" 
wavelength of a molecule. This phenomena, if it occurs, would be of 
great general importance in the determination of many atmospheric 
pollutants.
In summary, the total intensity of the emission signal might be 
represented as:
I = CP°NqA (direct absorption) -f 
c V K oANqB (induced fluorescence) +
C ^ N qA e (thermal emission) +
C',',Jp°N0B (non-quantized transfer)
where C = a function of absorption coefficients, band
widths, and quantum efficiencies, etc.
C = a function of absorption efficiencies,
collisional efficiencies, and temperature, 
and pressure, etc.
C = a function relating to the thermal
absorption of radiation and emission
C = some function relating absorption of
coherent dipoles in a non-quantized manner
Thus, four possible types of excitation have been considered.
In this case, direct absorption, through one or both of the postu­
lated mechanisms, probably predominates. Induced fluorescence would 
contribute to the signal where certain compounds were present in 
sufficient amounts, but should not make a general contribution. 
Thermal emission should not be significant when synchronously modu­
lating the excitation source. No true evaluation of "non- 
quantized" energy transfer was made.
3 2 8
C o n c l u s io n
T h i s  t e c h n iq u e  seems p a r t i c u l a r l y  a p p l i c a b l e  t o  the  d i r e c t  
a tm o s p h e r i c  a n a l y s i s .  A mobi le  a p p a r a t u s  w i t h  more s o p h i s t i c a t e d  
o p t i c s  sh o u ld  be a b l e  t o  scan  th e  s u r r o u n d i n g s  and p ro v id e  a pseudo- 
t o p o g r a p h i c a l  map o f  c o n ta m in a n t  c o n c e n t r a t i o n s .  N a t u r a l l y ,  su rveys  
of the  a tm osphere  would  use no sample  c e l l ,  o n ly  c o l l e c t i n g  m i r r o r s ;  
b u t  f o r  c a l i b r a t i o n  p u r p o s e s ,  a l o n g  pa th  c e l l  s i m i l a r  t o  t h e  one 
used i n  t h e s e  s t u d i e s  might  be n e c e s s a r y .
One o f  the  u n iq u e  p r o p e r t i e s  o f  l a s e r s  i s  t h e i r  a b i l i t y  t o  p ro ­
duce e x t r e m e l y  s h o r t ,  b u t  e x t r e m e l y  powerfu l  o p t i c a l  p u l s e s .  The 
p u l s e  d u r a t i o n s  can  be so s h o r t  t h a t  the l e n g t h  o f  the  o p t i c a l  wave- 
t r a i n  i s  measured i n  c e n t i m e t e r s .  A p a s s i v e l y  Q -sw i tched  c a r b o n  
d i o x i d e  l a s e r  o f  nom ina l  t e n  w a t t  o u tp u t  can  p roduce  a p u l s e  whose
a v e r a g e  power i s  103 \^ a t t s  (1 0 k ) .  U n f o r t u n a t e l y ,  t h i s  t y p e  o f
m o d i f i c a t i o n  was n o t  c o m p a t ib le  w i t h  the  d e s i g n  o f  the  l a s e r  which
was u sed  i n  t h i s  w ork .
The use  o f  a l a s e r  of the  above  d e s ig n  would  y i e l d  a much more 
p o w e r fu l  s o u r c e .  I f  t h e  Q - s w i t c h i n g  mechanism were  phase  s y n c h r o ­
n iz e d  w i t h  an a m p l i f i e r  of  p r o p e r  d e s i g n ,  t h e  i n s t r u m e n t  sh o u ld  see 
t h a t  f l u o r e s c e n c e  s t i m u l a t e d  by a thousand w a t t  p u l s e .  T h i s  m o d i f i ­
c a t i o n ,  i f  used w i t h  more s o p h i s t i c a t e d  g a t h e r i n g  o p t i c s ,  a low 
t e m p e r a t u r e  d e t e c t o r ,  and an i n s t r u m e n t  d e s i g n e d  f o r  s i n g l e  beam 
e m i s s i o n  s t u d i e s ,  s h o u ld  y i e l d  a s e n s i t i v i t y  o r d e r s  of m ag n i tu d e  
b e t t e r  th a n  has  b e e n  r e p o r t e d  h e r e .
The use  o f  a g r a t i n g  o r  o t h e r  w a v e len g th  s h i f t i n g  d e v i c e  would 
e n a b l e  t h e  a n a l y s t  t o  use  o t h e r  w a v e l e n g t h s ,  such  a s  t h e  9*5 micron
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l a s i n g  l i n e  f o r  t h e  d e t e r m i n a t i o n  o f  ozone. T h i s  a d a p t a t i o n  and 
th o se  ment ioned  above ,  would seem t o  be a b l e  t o  p roduce  a mobile  
i n s t r u m e n t  w i th  th e  e x c e l l e n t  c a p a b i l i t i e s  f o r  d i r e c t  a tm o sp h e r i c  
m o l e c u l a r  a n a l y s i s .
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